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ABSTRACT 
Plasma a lbumin , the p r i n c i p a l p ro te in component 
in blood i s un ique a s a u n i v e r s a l c a r r i e r with mul t ip le 
and a d a p t a b l e b i n d i n g a f f in i t i e s for a wide v a r i e t y of 
compounds and a b road spectrum of d r u g s . The 
i n t e r a c t i o n of b i l i r u b i n with a lbumin i s of p a t h o l o g i c a l 
r e l e v a n c e . Though ex t ens ive ly s t u d i e d , the b i l i r u b i n 
b i n d i n g s i te h a s yet to be d i sce rned comple te ly . 
Chemical modif icat ion s t u d i e s h a v e sugges t ed the 
involvement of one or more l y s i n e r e s i d u e s in t h i s 
i n t e r a c t i o n . S u r p r i s i n g l y , however , these s t u d i e s have 
not t a k e n in to account the chemical modif icat ion induced 
conformat ional c h a n g e s . Recent s t u d i e s on 
phys icochemica l and b i l i r u b i n b i n d i n g p r o p e r t i e s of 
s u c c i n y l a t e d bovine serum a lbumin h a v e ru l ed out the 
involvement of su r f ace a n d / o r p a r t i a l l y exposed l y s i n e 
r e s i d u e s in t h i s i n t e r a c t i o n . Succ iny l a t i on , though 
specif ic for amino groups of p r o t e i n s , h a s the 
d i s a d v a n t a g e of r e p l a c i n g pos i t ive c h a r g e on amino 
g roups by n e g a t i v e c h a r g e a n d t h u s often p r o d u c i n g 
s u b s t a n t i a l e l e c t r o s t a t i c d e s t a b i l i z a t i o n of the p r o t e i n . 
To overcome t h i s problem, a c y l a t i n g r e a g e n t s which e i t he r 
n e u t r a l i z e or p r e s e r v e pos i t ive c h a r g e on the amino 
( i i i ) 
(iv) 
groups have been used in this s tudy. 
Three different acylating agents , namely acetic 
anhydride, potassium cyanate and 0-methylisourea, were 
used for chemical modification of BSA and the 
physicochemical and bil i rubin binding properties of 
modified albumins are described. Under the reaction 
conditions employed, the reaction of potassium cyanate 
and 0-methylisourea was found to be specific for amino 
groups. Acetic anhydride, however, was found to react 
with tyrosine residues as well. However, acetylated 
tyrosine residues were deacetylated by hydroxylamine 
treatment. Sixty and 90% derivat ives of each modified 
preparation were obtained. All the modified preparat ions 
were found to be homogeneous both with respect to size 
and charge as judged by the techniques of size exclusion 
column chromatography and polyacrylamide gel 
electrophoresis. 
Conformational changes in modified albumins 
were investigated by the techniques of gel f i l t rat ion, 
viscometry, UV absorption spectroscopy, immunological 
methods and proteolytic hydrolysis . Hydrodynamic 
properties were studied by gel fil tration on a cal ibrated 
Sephacryl S-300 column and by int r ins ic viscosity 
measurements. Both of these techniques indicated 
(v) 
significant increase in hydrodynamic volume (or Stokes 
radius) in acetylated and carbamylated albumins but no 
measurable changes in guanidinated albumins. For 
instance the Stokes radius which is 3.51 nm for native 
albumin increased to 3.96 and 4.43 nm for 91% 
carbamylated and 96% acetylated albumins respectively. 
As compared, the corresponding value for 93% guanidinated 
albumin was 3.34 nm. A similar behaviour was observed 
in the int r ins ic viscosity values of the native and the 
modified albumins. The difference in the conformation of 
these modified albumins is interest ing but understandable* 
Since the size of the modifying reagents is small and 
about the same, the conformational changes in acetylated 
and carbamylated albumins can be at t r ibuted primari ly to 
electrostatic destabil izat ion. Hydrodynamic properties 
also strongly suggest that there is no or very l i t t le 
conformatinal change in guanidinated albumins and hence 
this preparat ion is likely to behave like native albumin 
in most of i ts physicochemical propert ies . 
The conclusions and the resul ts obtained from 
hydrodynamic properties were strongly supported by UV 
absorption spectroscopy, immunological cross-react ivi ty 
against ant i bovine serum albumin antiserum and by 
proteolytic digestion with t rypsin and chymotrypsin. 
(vi) 
Urea denaturat ion studies were employed to 
quant i ta t ively monitor the effect of chemical modification 
of lysine residues on the conformational s tabi l i ty of BSA. 
The data are expressed in terms of free energy of 
s tabi l izat ion. Acetylated and carbamylated albumins were 
found to be less stable than unmodified BSA, whereas 
guanidination resulted in a more stable protein 
coformation, which may be due to reorganisat ion of the 
non-covalent interactions in the protein molecule. 
Interaction of albumin with native and modified 
albumins was studied by visible difference absorption 
spectroscopy and by fluorescence quenching. The 
magnitude of the difference spectral change of 
bi l i rubin-albumin complex at 480 nm was taken to be a 
measure of bi l i rubin-albumin interact ion. Both acetylated 
and carbamylated albumins showed subs tant ia l ly less 
binding to bi l i rubin as compared to native albumin 
whereas guanidinated albumins showed binding very 
similar to that of the nat ive protein. 
The affinity constants of b i l i rubin with albumin 
and i ts modified preparat ions were determined by 
fluorescence quenching technique. The value of affinity 
constant of bi l i rubin for native albumin measured in this 
7 
study (1.27 X 10 lit/mole) was in good agreement with 
(vii) 
the l i te ra ture value. The values of affinity constants for 
al l the modified albumins were less than that obtained 
for the native protein. However, guanidinated albumins 
gave affinity constants very close to that of nat ive BSA. 
Although both 96% acetylated BSA (K = 4.05 x 10^) and 
3. 
91% carbamylated BSA (K = 9.48 x 10 ) gave 
a 
substant ia l ly lower affinity constants, it is interest ing to 
note that even the modification of almost a l l the lysine 
residues of BSA does not completely abolish bi l i rubin 
binding, contrary to what was thought ea r l i e r . 
PHYSICOCHEMICAL PROPERTIES OF 
ACETYLATED, CARBAMYLATED 
AND GUANIDINATED BOVINE 
SERUM AU5UMIN 
KHALID MAIID FAZILI 
DEPARTMENT OF BIOCHEMISTRV 
FACULTY OF MEDICfNE 
ALIGARH MUSLIM UNIVERSITY 
A L I G A R H 
Date 
^Approved 
A thesis submitted in fulfilment of the requirements for the degree of 
Doctor of Philosophy in Biochemistry in Faculty of Medicine 
of the Aligarh Muslim University Aligarh, (Indial 
1 9 8 9 
/ ! 
^j0^ 
, j -A^y^ 
:•>. 
0 ': JUN 1993 
T4151 
C E R T I F I C A T E 
I dtf^ tjf$y that the work presented in the 
following pages.-has • been carr ied out by Mr. Khalid Majid 
Fazil i and that in my opinion it is suitable for the 
award of Ph.D. degree in Biochemistry of the Aligarh 
Muslim University, Aligarh. 
[ N a ^ Pf-
Rashid Ali 
Professor and Chairman 
Department of Biochemistry 
Faculty of Medicine 
Aligarh Muslim University 
Aligarh. 
( i i ) 
T O A M M A J I 
A N D 
S I S T E R S R A 
A N D M A R O O F A 
WITH LOVE 
(viii) 
A C K N O W L E D G E M E N T 
I am al l pra ise for my supervisor 
Dr. M. Abul Qasim whose contribution to my research 
carr ier and in completion of this project is simply beyond 
description. I feel highly indebted to Prof. Rashid Ali 
who was very kind to supervise me during the absence of 
Dr. M.A. Qasim, he treated me in the best possible 
manner, and as Chairman of the department provided me 
al l the avai lable faci l i t ies . My sincere thanks are due 
to Prof. A. Salahuddin, ex-Chairman of the department for 
providing the necessary faci l i t ies , and as coordinator 
In terdisc ipl inary Biotechnology Unit, his kind permission 
to util ize the seminar of the Unit, was helpful to me. I 
am highly grateful to Dr. Masroor A. Baig, Reader, 
Department of Biochemistry, University of Kashmir for 
providing facili t ies for viscosity measurements. Thanks 
are due to Dr. Faizan Ahmad for his valuable suggestions 
and scientific discussions. 
My appreciat ions are due to Muzzaffar Mir, 
who as my colleague and friend provided me with an 
enjoying company throughout th is period. Thanks are 
due to Dr. Saad Tayyab who as my senior colleague and 
friend was most cooperative, and to Drs. Asif Ali, 
M.A. Shah and Mrs. Khushtar for their encouragement. I 
acknowledge the help rendered by M/S Naushin, Sadhana, 
K. Hajela, Renu, Seema and Perveen. Thanks are due to 
my colleagues Dr. Rashid Hasan, M/S Najmi, Naushad, 
Khurshid, Zar ina , Jehan Ara and Vandana. I had nice 
time with a l l of them. I value highly the kind, friendly 
and affectionate company of Najma Ali. 
Thanks are due to my friends Abrar, 
Rashid, Riyaz and Shafat who stood by me during my 
t ry ing days . My father, Mr. A.M. Fazi l i , brothers 
M/S Basharat , Naeem, Gh. Mustafa, Hamid and Asif and 
my friends Sushila, Ashok and Zameer were a source of 
inspirat ion and great moral support . To my colleagues 
and friends, I regret the inconveniences caused< if any, 
dur ing my stay in the department. 
Final ly , I acknowledge the financial 
assis tance provided by Council of Scientific and 
Indus t r i a l Research, Govt, of India in the form of Senior 
Research Fellowship, 
Khalid Majid Fazil i 
( ix) 





LIST OF FIGURES 































F - Met 
PAGE 




T r i s 
UV 
Kd 
K a v 
f/f 
a l b u m i n s 
ac t -BSA 






Bovine serum albumin 
Human serum albumin 
64% acetylated BSA 
96% acetylated BSA 
66% carbamylated BSA 
91% carbamylated BSA 
62% guanidinated BSA 
88% guanidinated BSA 
93% guanidinated BSA 
Formyl methionine 
Polyacrylamide gel electrophoresis 
Poly Adenine 





Tris (hydroxymethyl) aminomethane 
Ultraviolet 
Distribution coefficient 
Available distr ibution coefficient 
Frictional ra t io 
( x i i ) 
,1% 





Specific ex t inc t ion coefficient 
Reduced v i s cos i t y 
I n t r i n s i c v i s cos i t y 
P a r t i a l spec i f ic volume 
Free e n e r g y of fo ld ing 
Free e n e r g y of s t a b i l i z a t i o n 
LIST OF FIGURES 
FIGURE PAGE 
1. Amino ac id sequence of bovine serum 
a lbumin 15 
2. Hypothe t ica l model for a r r a n g e m e n t of 
the whole BSA molecule showing formation 
of b i l i r u b i n a n d fa t ty ac id b i n d i n g s i t e s 26 
3 . Elu t ion prof i le of commercial BSA on a 
Sephadex G-150 column 67 
4. Elu t ion prof i le of BSA monomer on a 
S e p h a c r y l S-300 column 68 
5 . P lo ts for the de t e rmina t ion of ex ten t 
of modif icat ion 70 
6. Kinet ics of d e a c y l a t i o n of 0 - a c e t y l 
t y r o s i n e r e s i d u e s in a c e t y l a t e d a lbumins 74 
7. React ion of ace t i c a n h y d r i d e , po tass ium 
c y a n a t e a n d 0 - m e t h y l i s o u r e a with free 
amino g roups of p r o t e i n s 76 
8. P o l y a c r y l a m i d e gel e l ec t rophore t i c p a t t e r n 
of n a t i v e a n d modified a lbumins 78 
9. UV a b s o r p t i o n s p e c t r a of n a t i v e BSA and 
some of i t s modified forms 81 
10. UV dif ference a b s o r p t i o n s p e c t r a of some 
modified a lbumins a g a i n s t n a t i v e BSA 84 
11 . F luorescence e x c i t a t i o n and emission 
s p e c t r a of n a t i v e a n d modified a lbumins 86 
12. Elu t ion p rof i l e s of b l u e dex t ran-2000 and 
glucose on a Sephac ry l S-300 column 90 
13. Chroma tog raph ic p rof i l e s of marke r 
p r o t e i n s on a S e p h a c r y l S-300 column 92 
( x i i i ) 
(x iv ) 
14. Chromatograph ic p ro f i l e s of n a t i v e a n d 
modified a lbumins on a S e p h a c r y l S-300 
column 93 
15. Treatment of gel f i l t r a t i o n d a t a o b a t i n e d 
by Sephac ry l S-300 column ch roma tog raphy 
of marker p r o t e i n s a n d n a t i v e and 
modified a l b u m i n s 96 
16 Chromatograph ic p ro f i l e s of n a t i v e a n d 
g u i n i d i n a t e d a l b u m i n s on a Sephadex 
G-150 column 102 
17. Plots for the de t e rmina t i on of i n t r i n s i c 
v i s cos i ty of n a t i v e a n d modified a lbumins 104 
18. Ouchter lony double immunodiffusion 
pa t t e rns of n a t i v e a n d modified a lbumins 110 
19. Immunoelec t rophore t ic p a t t e r n s of n a t i v e 
and modified a lbumins 111 
20. Kinet ics of t r y p t i c h y d r o l y s i s of n a t i v e 
a n d modified a l b u m i n s 113 
2 1 . Kinet ics of chymot ryp t i c h y r o l y s i s of 
n a t i v e a n d modified a l b u m i n s 116 
22. Urea induced UV di f ference abso rp t ion 
s p e c t r a of n a t i v e a n d modified a lbumins 118 
23. Urea induced t r a n s i t i o n c u r v e s of n a t i v e 
a n d modified a lbumins 120 
24. Plots for the d e t e r m i n a t i o n of free 
ene rgy of s t a b i l i z a t i o n by l i n e a r 
e x t r a p o l a t i o n method 124 
25. Plots for the de t e rmina t i on of free 
e n e r g y of s t a b i l i z a t i o n by d e n a t u r a n t 
b i n d i n g model 128 
26. Vis ible a b s o r p t i o n s p e c t r a of free 
b i l i r u b i n and b i l i rub in-BSA complex, 
a t b i l i r u b i n / a l b u m i n r a t i o of 1.0 130 
(xv) 
27. Vis ible d i f ference a b s o r p t i o n s p e c t r a of 
b i l i rubin-BSA complex a g a i n s t free 
b i l i r u b i n , o b t a i n e d a t b i l i r u b i n / a l b u m i n 
r a t i o s in the r a n g e of 0.5 to 2.0 131 
28. Visible d i f ference a b s o r p t i o n s p e c t r a of 
66% c a r b a m y l a t e d BSA-bi l i rub in complex (A) 
and 64% a c e t y l a t e d BSA-bi l i rub in 
complex (B) a g a i n s t free b i l i r u b i n , 
ob ta ined a t b i l i r u b i n / p r o t e i n r a t i o s in 
r a n g e of 0.4 to 2.0 132 
29. Visible d i f ference a b s o r p t i o n s p e c t r a of 
91% c a r b a m y l a t e d BSA-bi l i rub in complex (A) 
and 96% a c e t y l a t e d BSA-bi l i rub in complex (B) 
a g a i n s t free b i l i r u b i n , ob t a ined a t 
b i l i r u b i n / p r o t e i n r a t i o s in the r a n g e 
of 0.2 to 2.0 133 
30. Vis ible d i f ference a b s o r p t i o n s p e c t r a of 
62% g u a n i d i n a t e d BSA-bi l i rub in complex (A) 
and 93% g u a n i d i n a t e d BSA-bi l i rub in complex (B) 
a g a i n s t free b i l i r u b i n ob t a ined a t 
b i l i r u b i n / p r o t e i n r a t i o s in the r a n g e 
of 0.4 to 2.0 134 
3 1 . Vis ible d i f ference a b s o r p t i o n s p e c t r a of 
b i l i rub in-BSA ( n a t i v e a n d modified) complex 
a g a i n s t free b i l i r u b i n o b t a i n e d a t 
b i l i r u b i n / p r o t e i n r a t i o of 1.0 135 
32. F luorescence emiss ion s p e c t r a of BSA a t 
d i f ferent b i l i r u b i n / a l b u m i n r a t i o s in the 
r a n g e of 0-2 . 138 
33. (A)E'luorescence quench t i t r a t i o n of BSA 
with i n c r e a s i n g amounts of b i l i r u b i n 139 
(B)Sca tcha rd plot for the i n t e r a c t i o n of 
b i l i r u b i n with BSA 139 
34. (A) F luorescence quench t i t r a t i o n of 64% 
a c e t y l a t e d BSA with i n c r e a s i n g 
amounts of b i l i r u b i n 140 
(B) Sca t cha rd p lo t for the i n t e r a c t i o n of 
64% a c e t y l a t e d BSA with b i l i r u b i n 140 
(xv i ) 
35. (A) F luorescence quench t i t r a t i o n of 96% 
a c e t y l a t e d BSA with i n c r e a s i n g 
amounts of b i l i r u b i n 141 
(B) Sca t cha rd plot for the i n t e r a c t i o n 
of 96% a c e t y l a t e d BSA with b i l i r u b i n 141 
36. (A) F luorescence quench t i t r a t i o n of 66% 
c a r b a m y l a t e d BSA with i n c r e a s i n g 
amounts of b i l i r u b i n 142 
(B) Sca t cha rd p lo t for t h e i n t e r a c t i o n of 
66% c a r b a m y l a t e d BSA with b i l i r u b i n 142 
37. (A) F luorescence quench t i t r a t i o n of 91% 
c a r b a m y l a t e d BSA with i n c r e a s i n g 
amounts of b i l i r u b i n 143 
(B)Sca tchard p lo t for the i n t e r a c t i o n of 
91% c a r b a m y l a t e d BSA with b i l i r u b i n 143 
38. (A) F luorescence quench t i t r a t i o n of 62% 
g u a n i d i n a t e d BSA with i n c r e a s i n g 
amounts of b i l i r u b i n 144 
(B) Sca t cha rd p lo t for t h e i n t e r a c t i o n of 
62% g u a n i d i n a t e d BSA with b i l i t u b i n 144 
39 (A) F luorescence quench t i t r a t i o n of 88% 
g u a n i d i n a t e d BSA with i n c r e a s i n g 
amounts of b i l i r u b i n 145 
(B) Sca t cha rd plot for t h e i n t e r a c t i o n of 
g u a n i d i n a t e d BSA with b i l i r u b i n 145 
40. (A) F luorescence quench t i t r a t i o n of 93% 
g u a n i d i n a t e d BSA with i n c r e a s i n g 
amounts of b i l i r u b i n 146 
(B) Sca t cha rd p lo t for the i n t e r a c t i o n of 
93% g u a n i d i n a t e d BSA with b i l i r u b i n 146 
LIST OF TABLES 
TABLE PAGE 
Physicochemical propert ies of bovine serum 
albumin 
I I . Amino acid composition of bovine serum 
albumin 14 
I I I , Chemical modification of bovine serum 
albumin 72 
IV. Electrophoretic behaviour of native and 
modified albumins on polyacrylamide gels 79 
V, Ultraviolet absorption character is t ics of 
nat ive and modified albumins 82 
VI, Fluorescence propert ies of native and 
modified albumins 88 
VII. Gel fi l tration data of marker proteins 
obtained on a Sephacryl S-300 column 91 
VIII . Gel fi l tration data of native and modified 
albumins obtained on a Sephacryl S-300 
column 95 
IX. Hydrodynamic parameters of native and 
modified albumins 98 
X. Viscosity data of nat ive and modified 
albumins 106 
XI. Kinetic parameters for t rypt ic and 
chymotryptic hydrolysis of nat ive and 
modified albumins 114 
XII. Parameters character iz ing urea induced 
unfolding of nat ive and modified albumins 125 
(xvii) 
(xviii) 
X I I I . I n t e r a c t i o n of b i l i r u b i n with n a t i v e and 
modified a lbumins a s s t u d i e d by v i s i b l e 
d i f ference a b s o r p t i o n spec t roscopy 136 
XIV. B ind ing p a r a m e t e r s for i n t e r a c t i o n of 
b i l i r u b i n with n a t i v e a n d modified 
a l b u m i n s , de te rmined by f luorescence 
q u e n c h i n g 148 
PHYSICOCHEMICAL PROPERTIES OF ACETYALTED, 
CARBAMYLATED AND GUANIDINATED BOVINE 
SERUM ALBUMIN 
I N T R O D U C T I O N 
CONTENTS PAGE 
SERUM ALBUMIN 
Genera l c h a r a c t e r i s t i c s 2 
B iosyn thes i s a n d d e g r a d a t i o n 3 
P h y s i c a l p r o p e r t i e s 5 
I somer i sa t ion in a lbumin 8 
Dena tu ra t i on 10 
S t r u c t u r a l o r g a n i z a t i o n 12 
L i g a n d b i n d i n g p r o p e r t i e s 16 
B i l i r u b i n - a l b u m i n i n t e r a c t i o n 19 
: 2 : 
General Characteristics 
Serum albumin is the pr inc ipa l protein 
component of plasma. Albumin is found in rept i les , fish 
and higher animals (Ma.ssat and Dessauer, 1968) and is 
one of the most studied proteins of blood circulat ion. 
One of the interest ing propert ies of serum albumin is i ts 
propensity to bind a wide var ie ty of organic and 
inorganic l i gands . Most of these associations involve 
hydrophobic interact ions of one sort or another . The 
flexibili ty of the albumin molecule to adapt i ts shape to 
the l igand would seem to be the property which explains 
i t s cosmopolitan tas tes (Peters, 1985). Because of this 
property, albumin is believed to function as a t ranspor t 
protein and possibly also serves in regula t ing the blood 
levels of certain drugs and metabolities (King and 
Spencer, 1970). It accepts long chain fatty acids 
generated by the action of l ipases on t r ig lycer ides and 
delivers them to various t issues for storage or metabolism 
(Spector and Fletcher, 1978). Through i ts osmotic effect, 
albumin is the major contributor to the maintenance of 
c i rculat ing fluid within the vascular system. 
Measurement of albumin is considered to have diagnostic 
value as an indication of the vascular in tegr i ty , of the 
nutr i t ional s ta tus regarding proteins, and to some extent 
of the functional reserve of the l iver (Peters, 1977). 
: 3 
The ava i lab i l i ty of bovine albumin i n high 
pur i ty and at a reasonable cost has made this pa r t i cu la r 
protein a favourite for study by protein chemists. 
Several reviews on albumin have appeared in the past 
few decades (Foster, 1960; 1977; Watson, 1965; Yap et a l . , 
1978; Habeeb, 1979; Kragh-Hansen, 1981; Peters , 1970; 
1975; 1980; 1985; Finlayson, 1980; and Alexander et_ a l . , 
1982). However, despite intensive invest igat ions detailed 
knowledge of the s t ructure and structure-function 
relat ionship of albumin has been slow in appear ing . 
Biosynthesis and degradation 
Albumin is made in the l ive r . The biosynthesis 
*has been probed in intact animals (Morgan and Peters , 
1971; Walker ^ a l . , 1973) as well as in isolated 
perfused l ivers from different animals (Rothschild et_ a l . , 
1972; Chen and Redman, 1977; Brown and Papaconstant inous, 
1979). Albumin mRNA contains about 2080 base p a i r s , 
about 39 of these precede the F-Met ini t ia t ion codon and 
210 follow the t rans la t ion termination codon including a 
poly (A) stretch of about 24 base p a i r s . The t rans la t ion 
of albumin RNA s t a r t s with a s ignal peptide of the type 
commonly found on proteins destined for secretion. The 
s ignal peptide contains 18 residues having a basic 
(lysine) residue after F-Met in i t i a to r , a hydrophobic 
4 : 
stretch at residues 6-13 and a serine residue at the 
cleavage s i te . The s ignal peptide directs the growing 
peptide chain through the membrane of the endoplasmic 
reticulum and is then quickly cleaved off. As the 
growing peptide chain emerges from the re t icu lar 
membrane, i t s disulfide bonds join quickly in proper 
order within 30 seconds of the appearance of two 
cysteines which will form each cystine br idge (Peters and 
Davidson, 1982). Since disulfide loops in albumin are in 
a sequential arrangement, achieving the proper pa i r ing 
should not be major steric problem. The newly formed 
albumin within the secretory channels of the l iver cells 
i s in the form of prealbumin (Judah et a l . , 1973; Urban 
jet^  a l . , 1974). Prealbumin is the chief in t race l lu la r form 
of albumin during secretion and differs from albumin in 
having a bas ic hexapeptide extension at tached to i ts 
N-terminal residue (Judah et al_., 1973; Quinn et_ al_., 1975; 
Patterson and Geller, 1977; Peters , 1977; 1985). The 
leader peptide remains in place during the migration of 
prealbumin from rough endoplasmic reticulum through 
smooth endoplasmic reticulum and to the Golgi complex. 
Here, the hexapeptide is cleaved just before the release of 
albumin from the cell . The released propeptide is broken 
down in the l iver cells without any effect on albumin 
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synthesis (Peters and Davidson, 1986). The propeptide 
does not appear to affect l igand binding or other 
properties of albumin. A suggested role for the 
hexapeptide of proalbumin is to pilot the newly formed 
albumin through the cell (Peters and Reed, 1980; Judah 
1983; Peters , 1985). Albumin has a half life of about 19 
days , i t d isappears from plasma in a first order manner 
(Peters, 1970; Rosenoer et_ a]^., 1977). There is no 
specific site for catabolism and no evidence tha t older 
molecules are removed faster than younger ones. 
Physical properties 
Some of the physical properties of bovine 
serum albumin are summarized in Table I . Molecular 
weight of BSA has been reported to be in the range of 
65,000 to 69,000 (Baldwin, 1957; Squire et_ a]^., 1968; 
Tanford, 1968; Andrews, 1970). The absorbance of 
ul t raviolet l ight peaks at 278.5 - 279 nm. The 
fluorescence of albumin is dominated by i t s t ryptophan 
residues with excitation and emission maxima at 282 nm 
and 343 nm respect ively. The rotation of the polarized 
l ight by albumin is typical of globular prote ins . There 
is a strong negative Cotton effect at 233 nm. Circular 
dichroism in the UV region shows minima at 209 and 222 nm and a 
TABLE 
PHYSICO CHEMICAL PROPERTIES OF BOVINE SERUM ALBUMIN 
Property- Value Reference 
Molecular weight 
From composit ion 
From p h y s i c a l d a t a 
Sedimenta t ion , c o n s t a n t 
Diffusion cons t an t 
P a r t i a l speci f ic volume 
^20 
I n t r i n s i c v i s c o s i t y [ n ] 
Overal l d imens ions , A° 
I s o e l e c t r i c poin t 
I so ion ic poin t 




. 6 x 1 4 0 . 9 
4 . 7 
5 . 3 
•at 279nii>, Ig l i t r e 






Hel ica l content% 
P lea t ed sheet 
66,430 Brown a n d Shockley(1982) 
69,000 Tanfo rd , 1968 
4.5 Squ i re et a l (1968) 
5.9 Wagner a n d Scheraga(1956) 
Hunter (1966) 
McMillan (1974) 
Wright a n d Thompson(1975) 
P e t e r s (1975) 
Fos te r (1960) 
0.677 Jano tova et a l . (1968) 
21.1 Noel and Hunter (1972) 
20.1 Noel a n d Hunter (1972) 
54 Sogami a n d Fos te r (1968) 
18 Reed et a l . (1975) 
6 : 
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strong maximum near 195 nm. 
The shape of albumin molecule has 
been studied by many workers (Hunter, 1966; Squire 
et a l . , 1968; McMillan, 1974; Wright and 
Thompson, 1975). Based on their sedimentation 
velocity experiments and published resul ts of di lectr ic 
dispers ion, electric birefringrence, low angle X-ray 
scat ter ing and electron microscopy (Champagne, 1957; 
Luzzati et_ a l . , 1966; Chatterjee and Chaterjee, 1965; 
Moser _et_ a l . , 1966), Squire and his colleagues have 
suggested that BSA is a prolate ellipsoid of 
revolution with i ts major and minor ax is being 40 
and 140 A°, and an ax ia l ra t io of 3.5 (Squire 
et a l . , 1968). Wright and Thompson (1975) have refined 
these axes to 41 x 140.9 A°. However, 41.6 x 140.9 A° 
ellipsoid is only the outline of the cigar shaped 
albumin molecule in solution. In addition to the 
20 or so water molecules which are believed to be 
t ight ly held at specific locations, there is a closely 
associated zone of water molecules. Beyond this zone 
of strongly influenced water molecules exists a loosely 
aligned water network in which there is some s t ruc tura l 
per turbat ion of the solvent for several angstroms in al l 
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directions. Electron microscopy at pH 1.9 reveals a 
s t ructure made up of three globules in a s t r ing 
(Slayter, 1965) which is consistent with 3 domain s tructure 
of albumin. 
Isomerization in albumin 
Bovine serum albumin is a labi le molecule and 
experiences changes in i ts conformation with changes in 
the pH of the medium. Between pH 5.0 and 7 . 0 ' t h e BSA 
molecule exists in its normal s tate (N form) which is 
characterized by various physicochemical properties 
summarized in Table I . When a neutra l solution of 
albumin is t i t ra ted with hydrochloric acid, the t i t ra t ion 
curve shows a discontinuation at pH 4 .0-4 .5 . This 
phenomenon coincides with the appearance of another form 
of BSA called F (for fast moving) form, it moves more 
rapid ly upon gel electrophoresis at pH 3-4 than N form 
and is precipi tated readi ly by 3 M potassium chloride 
(Foster, 1960; 1977). This t ransi t ion is known as N >F 
t ransi t ion and has been studied extensively (Herskovits 
and Laskowski, 1962, Tanford ^ al^., 1967; Hilak et a l . , 
1974; Foster, 1977). The N > F t ransi t ion involves a 
decrease in helical content (Hilak et^ al_., 1974), increase 
in tyrosyl exposure (Herskovits and Laskowski, 1962) and 
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increase in in t r ins ic viscosity (Tanford £t_ a l . , 1967). 
During this t rans i t ion , there is a modest decrease in 
optical rotation at 233 nm corresponding to a reduction in 
helical content from 55% for the N - form to 45% for the 
F - form (Peters, 1985). 
Below pH 4.0 the albumin molecule changes to 
yet another isomeric form called E (for expanded) form. 
In this form the albumin molecule becomes uncoiled within 
the limits the disulfide bonds allow. The in t r ins ic 
viscosity of albumin solution increases dras t ica l ly and 
the hydrodynamic ax ia l rat io r ises from 4.0 to 9.0 
(Harrington et_ a l . , 1956). The expansion can be 
visualized as a mutual repulsion of the domains and 
loops owing to their newly acquired positive charges . 
The helical content falls from 45% to 35%. The retention 
of 35% helical content is perhaps due to the fact that the 
disulfide bonds rest r ic t further unfolding. An al ternat ive 
explanation is that the res idual el l ipt ici ty is due to 
disulfide bonds themselves, ra ther than to the helical 
s t ructure (Bewley, 1977). On the alkal ine side of 
neutra l i ty the existence of two more isomeric forms has 
been described. When pH of the solution is increased to 
9.0, yet another form of BSA called B (for basic) form is 
obtained. It migrates slowly towards anode on 
polyacrylamide gel electrophoresis and has a helical 
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content of 48%. This t ransi t ion is called N ^B 
t ransi t ion and has been studied by a number of workers 
(Leonard ^ al..» 1963; Zurawski and Foster, 1974). The 
B-form is more highly protonated than N-form, and in it 
about 150 labi le hydrogen atoms which were masked in 
the N-form become exchangeable. However, N »B 
transi t ion is not as steep as N >F t rans i t ion . 
Another isomeric form called A (for aged ) 
form is obtained when the solution of albumin at pH 9.0 
and low ionic strength is maintained at 3°C for 3 to 4 
days . A-form is characterized by a slower migration ra t e 
on electrophoresis and decreased solubility in 3 M 
potassium chloride (Nikkei and Foster, 1971). This isomeri-
zation can be prevented by blocking the free sulphydryl 
group of the protein. I t is thus presumed that this 
reaction occurs via a thiol catalyzed disulfide 
in terchange. 
Denaturation 
Serum albumin is a fair ly stable protein. 
However, exposure to extremes of pH, temperature and 
chemical denaturants d is rupts the nat ive conformation of 
the protein. The effect of pH on the nat ive structure of BSA has 
been described ea r l i e r . pH t i t ra t ion can be conducted 
reversibly between pH 2 and 12, if the time of exposure at 
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the extremes of pH is short (Peters, 1985). Thermal 
denaturat ion of BSA has been studied extensively 
(Wallevik, 1973; 1976; Brandt and Andersen, 1976; 
Wetzel et_ al_., 1980; Shrake et^ a]^., 1984). Albumin is 
more stable to heat than most of the plasma prote ins . 
Fatty acid binding has been found to s tabi l ize the 
protein against thermal denatura t ion . Prolonged or 
repeated heat ing, however, causes dimerization, unfolding 
and eventual aggregat ion (Aoki et^ al^,, 1973, Vifetzel. 
et a l . , 1980). When albumin is brought to 60°C at pH 
7.0, most of the albumin aggregates and prec ip i ta tes . 
The fraction that remains soluble is stable towards 
heat ing unti l 1 78°C. The precipi tated protein has been 
found to contain no fatty ac ids , whereas a l l of the bound 
fatty acids (upto six per molecule) are present in the 
soluble form (Aoki et^ a l . , 1973; Brandt and Andersen, 
1976; Shrake et^  al^., 1984). Apparently the stochastic loss 
of fatty acids causes the molecule to aggregate promptly, 
and the fatty acids accumulate on the remaining soluble 
forms, s tabi l iz ing them s t i l l further . The chemical 
denaturants include urea , guanidine hydrochloride and 
some anionic detergents . The anionic detergents cause the 
loss of helical s t ructure in the protein (Oakes and Cafe, 
1973; Sogami £t a^., 1973; Jones et_ a l . , 1975; Ichikawa 
and Terada, 1981). The denaturat ion of albumin by urea 
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and guanidine hydrochloride has been invest igated by a 
number of workers (Kauzman and Simpson, 1953; 
Tanford, 1968; Lapanje, 1969; Nakagaki and Sano, 1972; 
Katz et^ ajj^., 1973; Aoki £t_ a]^. , 1974; Kawaguchi and 
Matsushita, 1974; Creighton, 1979; Johnson jet^  al^., 1981; 
Pavlic and Lapanje, 1981; Chemlik and Kalous, 1982; Khan 
et a l . , 1987). I t is a reversible phenomenonas shown by 
immunological and l igand binding properties of refolded 
albumin molecule (Wallevik, 1973; Aoki _et^  aL. , 1974). 
Denaturation of BSA is a very complex process and many 
workers have suggested the existence of an intermediate, 
but yet none has succeeded in isolat ing and 
character iz ing the intermediate. The mechanism of this 
process is not known as yet . 
Structural Organisation 
Albumin is one of the few secreted proteins which 
lack carbohydrate . Amino acid composition of albumin 
from different species such as bovine, human, r a t , dog, 
monkey, rabbi t and frog has been worked out 
(Peters, 1970; 1985; Wallace and Wilson, 1972; Maclaren 
and Pa t r a s , 1976). Albumins are characterized by a low 
content of t ryptophan and a high content of cystine and 
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charged amino acids viz, Asp, Glu, Lys and Arg. Glycine 
and Isoleucine contents are lower in comparison to other 
proteins . The amino acid composition of bovine serum 
albumin is given in Table I I . The protein contains a 
higher number of acidic amino acid residues than basic 
ones, giving it a net negative charge of 18 at neutra l pH 
and thus acidic charac te r . All but one of the half 
cystine residues are involved in intramolecular disulfide 
bond formation. All the 582 amino acid residues of bovine 
serum albumin are a r ranged in a single polypeptide 
chain . (Thompson, 1958; Hunter and McDuffie, 1959). 
The primary structure of BSA has been deduced by Brown 
and Shockley (1982) and is shown in F ig . 1. The peptide 
chain is pictured as a series of double loops formed by 
disulfide bonds between i t s 34 half cystine res idues . 
Although albumin is readi ly crystal l ized, this 
protein has however rel inquished few of i t s secrets 
through X-ray crys ta l lography. In absence of the data 
from X-ray diffraction s tudies , most of the information 
avai lab le on the secondary and te r t i a ry structure of BSA 
is based upon the data obtained from conventional 
techniques. The optical rotation and c i rcular dichroism 
studies suggest 55% helical content and 16% B - pleated 
sheet for bovine albumin (Sjoholm and Ljungstedt, 1973; 
TABLE - I I 
AMINO ACID COMPOSITION OF BOVINE SERUM ALBUMIN* 
A m i n o a c i d „ ^ ° . - ^ ° ^ 
R e s i d u e s 
A s p a r t i c a c i d 41 
A s p a r a g i n e 13 
T h r e o n i n e 34 
S e r i n e 28 
G l u t a m i c a c i d 59 
G l u t a m i n e 20 
P r o l i n e 28 
G l y c i n e 16 
A l a n i n e 46 
V a l i n e 36 
1/2 C y s t i n e 35 
M e t h i o n i n e 04 
I s o l e u c i n e 14 
L e u c i n e 61 
T y r o s i n e 19 
P h e n y l a l a n i n e 27 
L y s i n e 59 
H i s t i d i n e 17 
T r y p t o p h a n 02 
A r g i n i n e 23 
TOTAL 582 
' T a k e n from B r o w n a n d S h o c k l e y (1982) 
: 14 
Fig , 1. Amino acid sequence of bovine serum albumin (Brown and 
Shockley, 1982). Domains 1, 2 and 3 consist of 
subdomains represented by A, B and C. X, Y and Z 
indicate different helices. Numbers 1-9 on the left show 
nine double loops of the protein. Disulfide bonds are 
shown by ^ , and wedges indicate the sites of cleavage 
of cyanogen bromide. The loop a reas enclosed by 
disulfide br idges are shaded, while the long arm of loop I 
is st ippled to show tha t it has probably lost a cys-cys 
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Reed et_ al^., 1975; Foster, 1977). The Raman spectra 
which have become more meaningful with the advent of 
laser excitation indicate a hel ical content of 60% for 
bovine albumin, based on the study of amide 111 l ines 
(Chen and Lord, 1976). The values are in agreement with 
those obtained by hydrogen exchange (Benson et_ al_. , 1963), 
and by calculations from amino acid sequence using 
parameters of Chou and Fasman (Reed et_ alj., 1975). The 
helical content is restr icted to about 60% which may be 
due to the presence of numerous disulfide bonds. 
Ligand - binding properties 
Blood plasma contains a number of t ranspor t 
proteins which usual ly have one specific site for t ransport 
of their individual l igands , but albumin is the one 
protein that reversibly binds a multitude of endogenous 
and exogenous substances . Albumin is thus unique as a 
universa l ca r r ie r , having multiple and adaptable binding 
sites (Brodersen, 1979). The interact ion of drugs and 
other molecules with serum albumin has been studied 
extensively. Further , the biological potencies and 
s tabi l i t ies of these compounds depend on their affinities 
for serum albumin. (Spector, 1975; Vallner, 1977; 
Kragh-Hansen, 1981; Walker, 1987). In many cases the 
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b i n d i n g of a compound to a lbumin wi l l h a v e a s i g n i f i c a n t 
in f luence upon i t s d i s t r i b u t i o n in the o r g a n i s m , a n d for 
some h i g h l y bound d r u g s c h a n g e s in b i n d i n g wi l l h a v e 
consequences for the p h a r m a c o l o g i c a l r e s p o n s e or 
p h a r m a c o k i n e t i c p r o p e r t i e s (or bo th) of the d r u g s (Levy 
a n d Yacobi , 1974; Roosdorp et_ al^., 1977). In a d d i t i o n to 
a v a r i e t y of o r g a n i c compounds a l b u m i n a l so b i n d s a 
2+ 2+ 2+ 2+ 
number of meta l ions which i n c l u d e Ca , Cu , Ni , Zn 
IVIn^*, Co"^*, Cd^"^, Hg^"^ and Al"^'*. Of the o r g a n i c 
compounds t h a t b ind to a l b u m i n , b i l i r u b i n , f a t ty a c i d s 
and d r u g s a r e of p a r t i c u l a r impor t ance to b i o c h e m i s t s . 
B ind ing of u n s a t u r a t e d long c h a i n f a t t y a c i d s wi th 
a lbumin i s v e r y s t r o n g (Spector , 1975; Specter and 
F l e t c h e r , 1978). F a t t y ac id c o n t a i n i n g l i p i d s such a s 
monbglycerides (Arvidsson a n d Be l f r age , 1969), l e c i t h i n s 
( T h e r r i a u l t , 1961; Jonas , 1976; Zborowski et_ al^., 1977) 
a n d l y s o l e c i t h i n s (Nakagawa a n d N i s h i d a , 1973; Gul a n d 
Smith, 1974) a l so b ind to a l b u m i n , t hough the b i n d i n g i s 
weaker t h a n t h a t of free f a t t y a c i d s . Steroid hormones 
b i n d weakly to a lbumin (Romeu _et_ a l . , 1975; Basse t t 
£ t ^a ]^ . , 1977; Sheehan and Young, 1979) a n d so do t h e b i l e 
a c i d s (Anwer et_ al^., 1976; Grabowski et_ al_., 1976) a n d 
p r o s t a g l a n d i n s ( G u e r i g u i a n , 1976; Hamberg a n d 
Fredho lm, 1976; Folco et^ al_., 1977). The l i s t of o ther 
compounds which b i n d to a lbumin i s v e r y long (Broder sen , 
1979; P e t e r s , 1980, 1985; Walker , 1987). The d r u g s t h a t 
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bind to albumin include ampicillin, warfar in , digi toxin, 
diazepam, phenytoin (Kober et_ al^., 1980), indomethacin 
(Shankaran et^ al^., 1982; Brodersen, 1983) benzodiazepines, 
naproxen, diclophenac, flurbiprofen, dif lunisal , 
phenylbutazone (Brodersen, 1983; Brandys and 
Negrusz, 1987), sulfobromophthalein, ethacrynic acid, 
hypolipidemic agents (Meijer and Sluijs, 1987), Pencill inase 
res is tant pencil l ins like doxacil in, dicloxacilin and 
flucloxacillin (Kucers and MckBennet, 1979; Friedman and 
Lewis, 1980, Walker, 1987), cephalothin, clonazepam, 
Lorazepam (Brodersen, 1976, 1979; Honore et_ al_. , 1983; 
Walker, 1987) etc. Various attempts have been made to 
study the binding of these compounds at molecular level . 
It has been demonstrated that there are at least three 
high affinity binding si tes present on the albumin 
molecule. These sites are commonly called the warfarin - , 
the diazepam - , and the digitoxin - binding s i tes , and 
are also denoted as site I , site I I and site I I I 
(Brodersen et_ al^., 1977; Muller and Wollert, 1979; 
Sjoholm et_ £]^., 1979; Fehske et^ al^., 1979; 1981). Binding 
site I i s apparent ly s i tuated in the second domain 
(Fehske jet^  al_., 1981; Sjoholm and Ljungstedt, 1973; 
Peters , 1985). Binding site I I seems to be the subject of 
contradictory repor ts . Earl ier studies suggest that site I I 
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must be located in the first and/or second domain of 
albumin (Sjodin jet_ a]^., 1977; Kragh-Hansen, 1981), 
however, more recent studies performed with intact albumin 
proposed that binding site I I i s probably located in 
domain I I I of albumin (Fehske et_ a l . , 1979; Brown and 
Shockley, 1982; Peters, 1985). Recent studies on t rypt ic 
and peptic fragments of albumin have led to the 
proposition that the main par t of the primary diazepam 
binding site (Site I I ) is located in the domain I I I of the 
albumin molecule (Bos jet_ a l . , 1988). Final ly digitoxin 
binding site (Site I I I ) seems to be independent of the 
other two drug binding s i tes , but the exact location is not 
known (Fehske ^ al^., 1981; Peters , 1985). Binding site I 
appears to be the site for binding of b i l i rub in . 
Bilirubin - albumin interaction 
Bilirubin has since long been known to be 
cytotoxic. During the neonatal period, hyperbil irubinemia 
poses a direct threat to central nervous system because of 
the possibil i ty of deposition of b i l i rubin in neurons, and 
the development of kernic terus . However, most b i l i rubin 
present in serum is bound to albumin rendering the 
te t rapyrrole nontoxic while t ranspor t ing it to the l iver for 
subsequent conjugation and excretion. A number of other 
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l igands including drugs and fatty acids have been 
reported to displace b i l i rubin from albumin, leading to 
increased levels of b i l i rubin in plasma and increased 
possibil i ty of Kernicterus and bra in damage. Because of 
the cl inical importance of these in teract ions , considerable 
effort has been directed towards understanding the 
location and chemical na ture of bul i rubin binding s i te . 
Reed and his colleagues have reported the 
presence of a single high affinity binding site for 
7 -1 b i l i rubin with an affinity constant of 2 x 10 M 
(Reed et al^., 1975). Jacobsen (1969) has reported the 
presence of two other re la t ively weaker sites 
5 -1 (Ka = 5 X 10 M ) in addition to a strong primary 
8 ~1 binding site (Ka = 1.4 x 10 M ) . Under physiological 
conditions the concentration of b i l i rubin is low and even 
the primary binding site is not fully sa tu ra ted . In jaundiced 
neonates, however, the primary site may be completely 
sa tu ra ted . The affinity of second and th i rd binding sites 
is not strong enough to prevent entry of free bi l i rubin 
into central nervous system (Brodersen, 1979). Thus i t 
appears that second and thi rd binding sites do not play 
any significant role in detoxification of b i l i rub in . 
Because of th i s , very l i t t le attention has been given to 
these sites and almost a l l the studies have been 
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aimed at unders tanding binding at the primary s i te . 
Various approaches that have been made towards 
unders tanding the interaction of b i l i rubin with albumin 
include fragmentation s tudies , affinity l abe l ing and 
chemical modification (Jacobsen, 1972; 1975; 1976; 1978; 
Reed et_ al^., 1975; Geisow and Beaven, 1977; Sjodin et^ a l . , 
1977; Kuenzle et_ al_., 1976; 1977; Gitzelmann-cumarasamy 
et a l . , 1979; Walker; 1976). Reed and his colleagues 
found, t h a t , of the twelve fragments they studied, only 
three peptic fragments designated P-44 (residues 1-385), 
P-B (1-306) and P-14 (186-306) had an affinity for 
b i l i rubin comparable to that of the parent molecule. These 
fragments have residues 186-306 in common. None of the 
other fragments which lacked this region interacted with 
b i l i rubin to any appreciable extent... However, the 
larges t t rypt ic fragment T-23 contains a pa r t of th is 
region (239-306) and yet shows no evidence of a strong 
bi l i rubin binding s i te , suggesting that residues 186-238 
(roughly comprising loop 4) constitute the essential region 
for b i l i rubin binding (Reed £t^  al^., 1975). These resul ts 
are in agreement with the resul ts of Geisow and Beaven 
(1977) who found that fragments 1-366 and 49-307 of 
human albumin bind bi l i rubin with similar CD spectra as 
whole albumin, and of Sjodin et a l . , (1977) who isolated 
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a bi l i rubin binding fragment, 182-585 from human albumin. 
Various chemical modification studies have been 
utilized as a tool to study the chemical nature of the 
primary bi l i rubin binding site of albumin. In i t i a l ly 
Jacobsen reported that modification of a limited number of 
amino and carboxyl groups, the single cysteine and the 
single tryptophan residues did not change the affinity of 
albumin for b i l i rub in . Moderate degrees of modification of 
a rg in ine , hist idine and tyrosine of human albumin, not 
resul t ing in major unfolding of the protein, decreased the 
affinity for b i l i rubin , which led Jacobsen to suggest tha t 
these amino acid residues should be in the vicinity of 
high affinity binding site (Jacobsen, 1972). However, 
further studies by Jacobsen demonstrated the presence of 
at least one lysine residue in or near the binding site 
(Jacobsen, 1975). Later on in 1976 Jacobsen showed that 
b i l i rubin can be coupled covalently to albumin using 
water soluble carbodi-imide as coupling reagent . The 
l inkage was proposed to be formed between one of the 
carboxyl groups of b i l i rubin and a reactive lysine residue 
of albumin (Jacobsen, 1976). Roosdorp et_ a]^. (1977) have 
also suggested the involvement of lysine residues in this 
interact ion, based on their chemical modification studies 
with N-acetyl imidazole. This conclusion i s , however, question-
able , f irst ly, because they did not take into account the 
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conformational changes which occur in the protein during 
chemical modification; and secondly, the reversal of C D . 
character is t ics which they have taken to indicate the 
abolition of b i l i rubin binding is infact observed even 
witout any change in the binding affinity of b i l i rubin 
(Blauer ^ a .^.» 1972). However, la te r studies by Jacobsen 
demonstrated that b i l i rubin is bound to Lys-240 at i t s 
high affinity site on human serum albumin (Jacobsen, 
1978). The va l id i ty of the suggestion regarding the 
involvement of Lys-240 in b i l i rubin - albumin interaction 
i s , however, doubtful owing to the inconsistencies of the 
recovered peptide after a t rypt ic cleavage (Brown and 
Shockley, 1982), In an evaluation of the affinity 
label l ing of bovine albumin with bi l i rubin-woodward 's 
regent K, most of the label was recovered in the fragment 
184-306, obtained by peptic and cyanogen bromide directed 
c leavages . Edman degradation upto residue 211 did not 
reach the l abe l . These resul ts along with the previous 
resul ts of fragmentation studies suggested that primary 
b i l i rubin binding site on BSA is most probably located in 
the sequence 211-238. This sequence includes the highly 
react ive lysine-220, which is probably in an exposed 
position. This lysine residue is readi ly labelled with 
N-dansylazridine and dansyl chloride. Coupling of these 
: 24 : 
reagents is however blocked by b i l i rub in , which led 
Peters (1985) to suggest the involvement of this lysine 
residue (lys-220) in the primary b i l i rubin binding site of 
BSA. Although the ident i ty of the lysine residues 
involved in this interaction is a subject of controversy 
and needs further s tudies , the par t ic ipat ion 6f' one or two 
lysine residues in this interaction is beyond doubt. In 
addition to the above studies pointing to the involvement 
of lysine residue(s) in this interact ion, the evidence in 
favour of this proposition also comes from studies of the 
influence of temperature and ionic s trength on this 
in teract ion. From these studies it has been found that 
binding of b i l i rubin to albumin at the primary site is 
driven by strong enthalpic forces and is counteracted to 
some extent by a decrease of entropy. Had this 
interaction been primari ly due to hydrogen bonding, there 
would have been a positive change of entropy agains t 
changes of enthalpy. This means that hydrophobic 
interactions can not be the main binding force in this 
in teract ion. Besides the two sal t l inkages which are 
probably formed between the carboxyl groups of b i l i rubin 
anion and the cationic groups (Lys or Arg) of albumin, 
the molecule must be kept together by hydrogen bonds 
(Peters, 1985). However, minor contributions from 
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hydrophobic forces can not be excluded. These resul ts 
are consistent with the prominent capabi l i ty of b i l i rubin 
to form hydrogen bonds, with i t s solubility in polar 
solvents and finally with the polar character of the 
binding site (Brodersen, 1979). 
The mechanism of bi l i rubin-albumin interaction 
has not been studied in detai l and is poorly understood. 
Brodersen (1979) has proposed a model for interaction of 
b i l i rubin with albumin which is shown in Fig . 2. The 
model is based on Brown's albumin model whereby 
albumin is seen as consisting of six half domains, each 
with three para l le l hel ices . The hinge regions are long 
enough to allow half domains to combine two by two in 
various ways. As shown in F ig . 2, the N-terminal half 
domain is combined with i ts C-terminal counterpart and 
positioned as the central domain, flanked by two other 
domains, each consisting of two halves namely Brown's 
subdomains 1C/2A-B and 2C/3A-B respect ively. This model 
has three anion binding s i tes , each surrounded by two 
half domains. Each of these can bind either one 
bi l i rubin dianion or two monoanions such as fatty acid 
ions or anionic d rugs . The high affinity site for 
b i l i rubin is between half domains IC and 2A-B. 
Bilirubin I 
Fatty acid I+II 
Bilirubin II 
Fig . 2 . Hypothetical model for the arrangement of whole 
BSA molecule showing the formation of two 
b i l i rubin and one fatty acid binding si tes 
(Taken from Brodersen, 1979), 
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Competing drugs may also be bound here while the 
affinity for fatty acids is low due to their hydrophilic 
charac ter . The site between half domains 2C and 3A-B in 
the other extreme of the molecule is the secondary 
b i l i rubin binding site and binds a l ternat ively two 
molecules of fatty acid anion with moderate affinity. 
High affinity binding of two molecules of long chain fatty 
acids takes place at the centra l s i te . 
Faerch and Jacobsen (1975; 1977) have reported 
that binding of b i l i rubin to albumin takes place through 
several s teps, a very fast combination of the two 
molecules followed by several monomolecular relaxation 
processes, probably occurring as four consecutive 
conformational changes of the bi l i rubin-albumin complex. 
These findings are consistent with the work of Chen 
(1974), Reed (1977 )and Gray and Stroupe (1978). Jacobsen 
and Brodersen (1983) on the bas i s of kinetic studies on 
the interaction of albumin with b i l i rub in , xanthobil i rubin 
and mesobilirubin have reported similar findings and 
have proposed that conformational changes in the albumin 
molecule may involve the rotation of domains IC and 2A-B 
rela t ive to one another . Remember that these are the 
domains involved in the primary bi l i rubin binding site of 
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albumin. Such conformational changes have also recently-
been reported by Honore (1987). These resul ts thus 
indicate that bi l i rubin molecule in i t i a l ly contacts albumin 
in one spot, where upon the protein is modelled around 
the l igand molecule. However, the final position of 
b i l i rubin is not necessari ly the same as the locus of 
primary contact. Similar conclusion has been drawn by 
Tayyab and Qasim (1987), based on studies with 
succinylated albumins. 
With these points in mind, I have carr ied out 
studies on the interaction of b i l i rubin with albumin and 
i t s modified forms. Previous chemical modification studies 
on this subject are not completely re l iable as the 
interaction of the modified der ivat ives of albumin with 
b i l i rubin was studied without taking into account the 
changes in the molecular p roper t ies , that occur as a 
resul t of chemical modification. Previous studies from 
this laboratory on succinylation of BSA have led to 
the suggestion that BSA contains 50% exposed lysine 
res idues , 37% par t i a l ly exposed and 13% inaccessible 
lysine residues (Tayyab and Qasim, 1986). Further 
studies on the interaction of b i l i rubin with native and 
succinylated BSA have led to the proposition that none of 
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the exposed or pa r t i a l ly exposed lysine residues of BSA 
are cr i t ica l for i t s interact ion with bi l i rubin (Tayyab 
and Qasim, 1987). This study is an extension of this 
programme. In the previous study, only succinic 
anhydride was used for modification; this reagent 
replaces the positive charge of lysine residues with a 
negative charge br inging a net change of 2 uni ts in 
charge for each modified res idue . I have used acetic 
anhydr ide , potassium cyanate and 0-methylisourea as the 
modifying reagents . The first two reagents neutral ize the 
positive charge on lysine residues whereas the las t one 
re ta ins the positive charge on lysine residues, but 
replaces the amino groups with more bulkier and .more 
basic guanidino groups. 
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(A) MATERIALS: 
1. Proteins and enzymes: 
Bovine serum albumin, fraction V (Lot No. 
16F-0210), ovalbumin (Lot No. 23F-8175), oC-chymotrypsinogen 
(Lot No. l l lF-8055) , TPCK-treated t ryps in (Lot No. 
66F-8135), TLCK-treated chymotrypsin (Lot No. 75F-8025) 
and tyrosinase (Lot No. 29C-9640) were purchased from 
Sigma Chemical Company. (USA), Ribonuclease (No. 184916) 
was a product of Sisco Research Laboratories , Pvt . Ltd. 
( I n d i a ) . 
2. Reagents used in chemical modification: 
Ninhydrin and acetic anhydride were purchased 
from BDH (England) . Hydrindantin was prepared by 
reduction of ninhydrin with ascorbic acid. Potassium 
cyanate was a product of Koch-Light Laboratories 
(England) . 0-methylisourea (Lot No. 65F-3677) and 
hydroxylamine hydrochloride were obtained from Sigma 
Chemical Company (USA) and Loba-Chemie (India) 
respectively. 
3. Gel chromatographic media: 
Sephadex G-200 was purchased from Pharmacia 
Fine Chemicals (Sweden), Sephacryl S-300 (Lot No. 
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63F-0380) with a bead diameter of 40-105 yi was obtained 
from Sigma Chemical Company (USA). 
4. Reagents used in electrophoresis: 
(a) Polyacrylamide gel electrophoresis: 
Acrylamide, riboflavin and amidoschwarz were 
purchased from E. Merck (Germany). Dimethyldichlorosilane 
and N,N,N',N' tetramethylethylenediamine (TEMED) were 
obtained from BDH (England) . N, N'methylenebisacrylamide 
was a product of Koch-Light Laboratories (England) . 
Ammonium persulphate , sucrose, glycerol and glacia l 
acetic acid were purchased from BDH ( Ind i a ) . 
Bromophenol blue and t r i s (hydroxymethyl) aminomethane 
were obtained from P.P.H. (Poland) and Fluka 
(Switzerland) respect ively. 
(b) Immunoelectrophoresis: 
Sodium 5, 5-diethylbarbi turate and a g a r - a g a r 
were purchased from Hopkins and Williams (England) and 
Sisco Research Laboratories ( India) respect ively. 
5. Other reagents: 
Bilirubin (Lot No. 37F-0564) was obtained from 
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Sigma Chemical Company (USA). Methylcel losolve and 
a sco rb i c ac id were the p roduc t s of E. Merck (Germany) . 
Urea a n d sodium az ide were o b t a i n e d from S a r a b h a i M. 
Chemicals ( I n d i a ) a n d F l u k a (Swi tze r l and) r e s p e c t i v e l y . 
Sodium dodecyl s u l p h a t e was o b t a i n e d from BDH 
( E n g l a n d ) , and b lue dex t ran-2000 was a p roduc t of V .P . 
Chest I n s t i t u t e ( I n d i a ) . 
All o ther chemica ls used in t h i s s t u d y were of 
a n a l y t i c a l g r a d e . 
6 . Miscel laneous : 
D ia ly s i s s a c k s of d i f fe ren t f l a t w id th s were 
p u r c h a s e d from Sigma Chemical Company (USA). Mil l ipore 
f i l t e r s (pore s i ze 0.45 u a n d 25 mm d i ame te r ) were 
ob t a ined from Mil l ipore Corpora t ion (USA). Solid g l a s s 
b e a d s (5 mm d iamete r ) were o b t a i n e d from Kimble 
Res i s t an t Glass (USA). R a b b i t s we igh ing abou t 2 kg were 
used for immuniza t ion p u r p o s e s . S t a n d a r d buffer t a b l e t s 
of pH 4 . 0 , 7.0 and 9.2 were p u r c h a s e d from Glaxo ( I n d i a ) . 
All g l a s s d i s t i l l e d wa te r was used t h r o u g h o u t t h i s s t u d y . 
(B) METHODS: 
1. pH-measurement: 
A d i g i t a l pH meter , model APX 175 E/C (Control 
Dynamics , I n d i a ) wi th a l e a s t count of 0.01 u n i t was used 
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for pH measurements. The pH meter was cal ibrated by-
using s tandard buffers of pH 4.0, 7.0 and 9.2 before 
every measurement. 
2. Optical measurements: 
A Shimadzu double beam spectrophotometer, model 
UV-150-02 was used for l ight absorption measurements in 
the ultraviolet as well as in the visible region. Silica 
and glass cells of 1 cm path length were used for 
measurements in the ultraviolet and visible regions 
respectively. Fluorescence measurements were performed 
on a Shimadzu spectrofluorophotometer, model RF-540, 
equipped with a recorder, model DR-3. 
3. Determination of specific extinction coefficient: 
The protein solutions were extensively dialyzed 
agains t 0.06 M sodium phosphate buffer, pH 7.0. 
Measured volumes of the dialyzed protein solution and the 
last dialysate were taken separate ly in preweighed 
weighing bottles and their weights were recorded. Each of 
the protein solutions as well as the dia lysate were taken 
in dupl icate . The solutions were heated in an oven, the 
temperature of which was maintained at 102 - 105°C. 
After every two hours the weighing bottles were taken out 
of the oven ^cooled in a desiccater and weighed t i l l their 
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weights were constant. The weight of protein was obtained 
by subtract ing the weight of residue obtained from 
dialysate from the weight of residue obtained from the 
protein solution. Measured volumes of the dialyzed 
protein solution were taken in increas ing amounts in 
cal ibrated 5 ml volumetric flasks by weight. The volume 
was made upto the mark with the d ia lysa te , and the 
protein concentration was calculated in each of these 
flasks from dry weight determinations. The absorbance of 
these solutions at 279 nm after applying the scat tering 
correction was plotted agains t protein concentration. A 
least squares analys is of the data produced a s t ra ight 
l ine , the slope of which gave the value of specific 
extinction coefficient of the protein. 
4. Determination of protein concentration: 
Protein concentration was determined by the 
following methods: 
(i) Method of Lowry et a l . (1951): 
In this method of protein estimation, two 
reagents , namely, Folin-phenol reagent and Copper 
reagent were used. These reagents were prepared by 
s tandard procedures (Folin and Ciocalteu, 1927). An 
appropr ia te volume of the protein solution in the range of 
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0.1 to 1 ml was taken in a test tube and the total volume 
was made up to 1 ml with dist i l led water . To this was 
added 5 ml of freshly prepared copper reagent . The 
solution was mixed well and incubated for 10 minutes. 1 
ml of Folin-phenol reagent was added to the mixture. The 
contents were mixed well and left at room temperature for 
30 minutes. The color intensi ty of the mixture was then 
read at 700 nm against a blank which was prepared in 
the same manner except that the protein solution was 
replaced by the buffer. 
(ii) Spectrophotometric method: 
Absorbance of the protein solution was recorded 
at 279 nm using sui table b l anks . The protein 
concentrations were calculated from their absorbance 
values at 279 nm using their specific extinction coefficient 
1 0 / 
^^Icm ^ ^^ that wavelength. 
5. Gel chromatography: 
About 28 g of Sephadex G-150 was swollen in one 
l i t re of water by keeping the suspension in a boiling 
w a t e r - b a t h for 5 hours , as recommended by Pharmacia 
Fine Chemicals, Sweden. After complete swelling, the fine 
par t ic les present in the gel were removed by repeated 
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d e c a n t a t i o n . Before p a c k i n g , a g l a s s column of uniform 
d iamete r was t h o r o u g h l y washed with d e t e r g e n t , chromic 
ac id a n d f i n a l l y wi th d i s t i l l e d w a t e r . The column was 
then mounted in a v e r t i c a l , s t u r d y a n d v i b r a t i o n - f r e e 
p o s i t i o n . The n a r r o w bore ou t le t of the column was 
connected to a smal l l a t e x t u b i n g a t t a c h e d with a screw 
s top-cock for r e g u l a t i o n of flow r a t e . The r a d i u s of the 
column was de te rmined by employing the following 
r e l a t i o n s h i p : 
V =-A-r^l (1) 
2 
or T^r 1 = w/d 
/
w 
• ( 2 ) 
where r i s t he r a d i u s of the column in cm, V r e p r e s e n t s 
the volume of wate r con ta ined by a smal l r eg ion of l e n g t h 
1 of the column, w i s the weigh t of the same volume of 
w a t e r , a n d d i s t he d e n s i t y of w a t e r a t t he g iven 
t e m p e r a t u r e . 
A smal l amount of g l a s s wool, p r e v i o u s l y boi led 
in wa te r was p l aced a t the bottom of the column and i t s 
su r f ace was covered with g l a s s b e a d s . The column was 
f i l led wi th the o p e r a t i n g buffer upto 3 cms. An 
ex tens ion column was connected to the column a n d then 
d e g a s s e d gel s l u r r y was c a r e f u l l y poured in to the column. 
The gel was left to se t t l e u n d e r g r a v i t y o v e r n i g h t , a t 
room t e m p e r a t u r e . When the gel formed a smooth s u r f a c e , 
t he ou t le t was opened with a flow r a t e of 5 ml p e r h o u r . 
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As the gel settled down, the flow rate was increased 
gradual ly to a value s l ight ly higher than that was to be 
employed for elution. The column was equi l ibrated by 
passing a volume of eluent (0.06 M sodium phosphate 
buffer, pH 7.0 containing 0.02% sodium azide) , which was 
three times the total bed volume. 
Packing of Sephacryl S-300 column was performed 
in an ident ical fashion except that no preswelling was 
required as it is supplied in the suspended form. 
For sample applicat ion, the operating buffer 
above the column bed was first drained off, and the 
sample was then applied slowly along the sides of the 
column. The stop-cock was then opened slowly and the 
sample was made to pass down the upper surface of the 
gel . When a l l the protein sample passed into the gel, 
the buffer was applied and the elution was done with a 
flow ra te of 25 ml per hour. Fractions of 1-5 ml were 
collected and monitored for protein either by the method 
of Lowry £t^  a l . , (1951) or by spectrophotometric method. 
The homogeneity of packing was checked by 
passing a band of 0.2% solution of blue dextran-2000 
through the column. The elution volume of blue dextran 
yielded the void volume (Vo) of the column. The in te rna l 
volume (Vi) of the column was obtained by subtract ing 
the void, volume from the elution volume of glucose (Andrews, 
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1970). Sephacryl 5-300 column was ca l ibra ted by elution 
of marker proteins of known hydrodynamic propert ies . 
During cal ibrat ion of the column, the void volume was 
frequently checked by passing blue dext ran . The marker 
proteins used for cal ibrat ion with their Stokes rad i i in 
parentheses were: ribonuclease (1.92 nm), 
OC-chymotrypsinogen (2.24 nm), ovalbumin (2.73 nm), 
tyrosinase (4.23 nm), BSA monomer (3.5 nm) and BSA 
dimer (4.3 nm). 
6. Polyacrylamide gel electrophoresis: 
Polyacrylamide gel electrophoresis was performed 
in t r i s -glycine buffer, pH 8.2, ionic strength 0.02-
according to the method of Davis (1964). The gel tubes 
(11 X 0.5 cm) were washed with detergent solution, 
chromic acid and then with water . The tubes were dried 
and then siliconized with a solution of 5% (v/v) 
dichlorodimethylsilane in chloroform. Tubes were then 
fixed ver t ical ly in a polymerizing s tand . A small pore 
solution was prepared which contained 7% (w/v) 
acrylamide, 0.18% (w/v) N,N'-methylenebisacrylamide, 
0.03% ( v / v ) , N,N,N',N'-tetramethylethylenediamine (TEMED) 
and 0.07% (w/v) ammonium persu lpha te . Two ml of the 
small pore solution was poured into each tube and the 
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surface was layered with a few drops of water . The 
tubes were left for polymerization at room temperature for 
about 30 minutes. After polymerization, water was removed 
by invert ing the tubes and any water left was soaked 
with small pieces of Whatman filter paper . Then 0.2 ml 
of la rge pore solution containing 2.5% (w/v) acrylamide, 
0.62% (w/v) N,N'-methylenebisacrylamide, 0.06% (v/v) 
N,N,N',N'-tetramethylethylenediamine, 0.001% (w/v) 
riboflavin and 20% (w/v) sucrose was layered over small 
pore gel . The surface was again layered with a few 
drops of water. The solution was left to polymerize under 
fluorescent l ight for about 15 minutes. Gel tubes were 
then fitted into the Scientronic Electrophoretic Apparatus . 
The water in tubes was soaked with small pieces of 
Whatman filter paper . For sample prepara t ion 200 yig 
protein was taken in about 0.1 ml of buffer containing 
one drop of glycerol, and about 50 ul of the sample was 
appl ied. The empty space left in the tubes was very 
carefully filled with buffer. The buffer was added in 
both the upper and lower chambers in a volume such that 
the gel tubes were completely dipped. A few drops of 
0.01% bromophenol blue were then added into the upper 
chamber and mixed with buffer. An anodic current of 
about 4-5 mA per gel tube was passed t i l l the band of 
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bromophenol blue passes down to about three-fourth of the 
gel length. The time taken in electrophoresis was about 
2-3 hours . After electrophoresis, gels were taken out from 
the tubes and stained in 1% (w/v) amidoschwarz solution 
prepared in 7% (v/v) acetic acid for about an hour . 
Destaining was done mechanically with 7% (v/v) acetic 
acid. 
7. Preparation of BSA monomer: 
Pure BSA monomer was obtained by gel fi l tration 
of commercial BSA (Sigma Chemical Co., USA) on a 
Sephadex G-150 column (122 x 2.96 cm), equi l ibrated with 
0.06 M sodium phosphate buffer, pH 7.0 containing 0.02% 
sodium azide. The monomeric BSA will henceforth be 
referred to as BSA. 
8. Chemical modification of BSA: 
(i) Acetylation of BSA: 
Acetylation of BSA was performed according to the 
method of Riordan and Vallee (1972 a) using acetic 
anhydride as the acetylat ing agent . A solution of BSA of 
known concentration in 0.06 M sodium phosphate buffer, pH 
7.0 was taken and to this was added the required amount 
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of acetic anhydride with continuous s t i r r ing . The 
reaction was performed at 4°C and pH of the reac-
tion mixture was maintained between 7.4 to 7.6 by adding 
IN NaOH. The reaction was allowed to proceed for 40 
minutes. The modified protein was then dialy^ed agains t 
0.06 M sodium phosphate buffer, pH 7.0. Keeping al l the 
reaction conditions as above, the molar excess of acetic 
anhydride over protein was changed to effect different 
degrees of modification. The extent of modification was 
determined by ninhydrin react ion. The molar excess of 
acetic anhydride over BSA required to produce a certain 
degree of modification was worked out by taking small 
amount of BSA and modifying it with different molar excess 
of acetic anhydride in the range of 25-1000. A plot of 
the molar rat io of acetic anhydride and BSA agains t the 
extent of acetylation was used to find out the molar ra t io 
of acetic anhydride and BSA required for producing a 
certain degree of acetylat ion. Keeping the reaction 
conditions as above, BSA was modified to the desired 
extent by using proper molar excess of acetic anhydride 
over BSA. 
(ii) Deacetylation of acetylated tyrosine res idues; 
The deacetylation of acetylated tyrosine residues 
was performed by the method of Riordan and Vallee 
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(1972b). A 2 M solution of hydroxylamine hydrochloride 
was prepared in water and i ts pH was adjusted to 7.5 
with 2 M NaOH solution. Equal volumes of acetylated 
protein solution and 2 M hydroxylamine solution were 
mixed and the reaction was allowed to proceed for 30 
minutes. The absorbance of the reaction mixture was 
monitored continuously at 278 nm for 30 minutes. 
Absorbance of the acetylated protein at 278 nm was 
obtained by extrapolation of the in i t i a l l inear portion of 
the curve. When the absorbance reached a constant 
value after certain time, that was taken to be the 
absorbance of the deacetylated BSA. 
The number of 0-acetyl tyrosyl residues (N) was 
calculated from the following re la t ionship: 
N = (^^272 X M)/(1160 X C) (3) 
where A A „ is the change in absorbance at 278 nm 
between acetylated and deacetylated protein, M is the 
molecular weight of the protein, and C is the 
concentration of the protein. 
(iii) Carbamylation of BSA: 
Carbamylation of BSA was done according to the 
method of Stark (1972), using potassium cyanate as the 
modifying reagent . Recrystallized potassium cyanate was 
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dissolvec;! in 0.1 M sodium phosphate buffer, pH 7.7 and 
was then added t'o BSA solution which was io the same 
buffer. The reaction was allowed to proceed at room 
temperature. The molar excess of the reagent over protein 
as well as the time of reaction was varied to effect 
different degrees of carbamylation. The molar excess of 
the reagent over protein and the time of reaction required 
to induce certain degree of modification was worked out as 
described previously for acetylat ion. The reaction was 
stopped by dialyzing out the unused potassium cyanate for 
0.1 M sodium phosphate buffer, pH 7.0. 
(iv) Guanidination of BSA: 
Guanidination of BSA was done essentially by the 
method of Kimmel (1967), using 0-methylisourea as the 
guanidinat ing reagent . A known concentration of 
0-methylisourea was dissolved in water and pH of the 
solution was adjusted to 10.5 by the dropwise addition of 
2.5 M NaOH. The solution of 0-methylisourea was added to 
BSA solution of known concentration. The contents were 
mixed well, pH was checked and adjusted to 10.5 . The 
reaction was allowed to proceed at 4°C or at room 
temperature and the time of reaction was between 5 to 110 
hours . The reaction was stopped by lowering the pH of 
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the mixture to 6.5 by the dropwise addition of 1 M sodium 
acetate buffer, pH 4.0. The mixture was then dialyzed 
first against water and then agains t 0.1 M sodium 
phosphate buffer, pH 7.0. The time and temperature of the 
reaction mixture was varied to obtain different degrees of 
guanidinat ion. 
9. Quantification of modification: 
The number of amino groups ( oC and ^ ) 
modified per molecule of protein were quantified by 
ninhydrin reaction as described by Moore and Stein 
(1954). Ninhydrin reagent used in th is reaction gives a 
violet colour with free amino groups which absorbs 
maximally at 570 nm. Hence, a decrease in absorbance 
will provide a measure of the amino groups modified. 
(i) Preparat ion of ninhydrin reagent : 
Three hundred mg ninhydrin and 100 mg 
hydr indant in were dissolved in 76 ml of methylcellosolve 
(2-methoxyethanol) . To this was added 24 ml of 4 M 
sodium acetate buffer, pH 5.5. The contents were mixed 
and the solution was filtered through Whatman filter 
paper . The reagent thus obtained was stored in an amber 
coloured bott le. 
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(ii) Procedure: 
Different volumes of protein solution in the 
range of 0.1 - 1 ml, containing increasing amounts of 
protein were taken in a series of test tubes and the total 
volume was made upto 1 ml with water . One ml of 4 M 
sodium acetate buffer, pH 5.5 was added to each tube 
and then followed the addition of 1 ml ninhydrin reagent . 
The test tubes were then placed into a boiling water bath 
for exactly 20 minutes, and then cooled under tap water. 
Five ml of 50% (v/v) ethanol was added to each tube. 
The contents were mixed and then filtered through a 
Whatman filter paper . The absorbance of these solutions 
was then recorded at 570 nm agains t a blank which was 
prepared in the same manner except that the protein 
solution was replaced by water . A plot of the amount of 
protein against the absorbance of ninhydrin colour 
produced s t ra ight l ines for native and for each of the 
modified albumins. The least squares ana lys is was used 
to calculate the slope of each l ine . From the values of 
slopes of these s t ra ight l ines , the extent of modification 
was determined by using the following equation: 
%modification = 100 (1 - m'/m) (4) 
where m' and m represent the slopes of the s t ra igh t lines 
for modified and unmodified preparat ions respect ively. 
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10. Ultraviolet absorption spectra: 
The ul t ravielet absorption spectra of nat ive BSA 
and i ts modified derivat ives were recorded in 0.06 M 
sodium phosphate buffer, pH 7,0>in the wavelength range 
250-360 nm on a Shimadzu double beam spectrophotometer 
model UV 150-02. The absorbance values were corrected for 
scat ter ing by extrapolation of the absorbance values from 
360 to 330 nm in the absorption region. The absorbance 
in the peak region of the spectrum was recorded at 
wavelength in tervals of 0.2 nm. The protein concentration 
was generally between 1.5-2.0 mg/ml. The absorbance 
values at different wavelengths were then converted into 
values of specific extinction coefficient. Ultraviolet 
difference spectra of modified BSA agains t native BSA were 
obtained manually by subtract ing the specific extinction 
coefficient of modified BSA from that of the native BSA at 
each wavelength. 
11. Fluorescence measurements: 
Fluorescence excitation and emission spectra 
were obtained in 0.06 M sodium phosphate buffer, pH 7.0 
and at room temperature on a Shimadzu 
spectrofluorophotometer, model RF-540. Protein 
concentration was general ly in the range 0.1-0.2 mg/ml. 
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The emission spectra were recorded at different excitation 
wavelengths viz. 275, 280, 285, 295, 300 and 305 nm. 
12. Immunological studies: 
(i) Preparat ion of antigen solution: 
The antigen solution for immunizing rabb i t s was 
prepared following the method of Kabat and Mayer (1961), 
using alum as the adjuvant . Ten miligram of BSA was 
dissolved in 4.5 ml of 0.06 M sodium phosphate buffer, pH 
7.0. To this solution was added 0.5 ml of 1% solution of 
potassium aluminium sulphate (alum) with thorough 
mixing. The solution produced a l ight white colour. The 
antigen solution was used immediately after prepara t ion to 
avoid the formation of aggrega tes , 
(ii) Immunization: 
Before immunization^ a few mill i l i t re of blood was 
drawn from each rabbi t which was used as control in 
subsequent s tudies . A total of about 100 mg of BSA was 
injected into each rabbi t over a period of about six 
weeks. The injections were done in the marginal vein of 
the ea r . During the first week of immunization, 2 mg of 
antigen was injected into each rabbi t on a l ternate days . 
During the second week the amount of antigen was 
increased to 5 mg and the schedule was kept the same. 
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During th i rd and fourth weeks, the amount of antigen 
injected was 8 mg and 12 mg respectively, and the 
schedule was same. In th is way a total of twelve 
injections containing about 80 mg antigen were 
administered into each r abb i t . Then after a gap of one 
week, a booster dose of 20 mg antigen was given. When 
the injection schedule was complete, the rabb i t s were left 
to rest for about a week. After this* 15 ml of blood was 
drawn from each rabbi t by cardiac puncture on a l ternate 
days . The antiserum was separated by centrifugation and 
was stored at -15°C in presence of 0.02% sodium azide. 
(iii) Double immunodiffusion: 
Double immunodiffusion was carr ied out by the 
method of Ouchterlony (1949). The antiserum was first 
heated at 56°C for 30 minutes to inact iva te the 
complement. One percent agar solution containing 0.02% 
sodium azide in 0.15 M sodium chloride was heated to 
100°C for 5 minutes with constant s t i r r i n g . 4 ml of 
th is solution was uniformly layered in glass petr idishes (5 
cm diameter) . The solution was left for polymerization at 
room temperature. As the gels polymerized, wells were 
made. After this the antiserum was placed in the central 
well whereas the antigens (native and modified BSA) were 
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placed in the four per ipheral wells . The diffusion of 
antiserum and antigen was allowed to take place for 3 
hours at room temperature and for 24 hours at 4°C. The 
gels were then extensively washed several times with 0.15 
M NaCl, fixed with absolute methanol and photographed. 
In some experiments, the gels were stained with 1% 
amidoschwarz for 30 minutes and destained mechanically 
with 7% acetic acid. 
(iv) Immunoelectrophoresis: 
Immunoelectrophoresis was performed in 0.05 M 
barb i t a l buffer, pH 8.6, following the method of Graber 
(1955). One percent agar solution was prepared in 0.05 
M sodium ba rb i t a l buffer, pH 8.6, containing 0.02% sodium 
azide and was treated as described for immunodiffusion. 
3 ml of agar solution was layered on thin microscopic 
slides while st i l l hot. After polymerization of the gel, a 
thin channel was cut in the middle, and two wells on 
either side of this channel along one side were made. 
Antigen solutions (20 jal) were applied into these wells. 
The slides were then incubated at 37°C for one hour, and 
after this electrophoresis was done by passing an anodic 
current of 3-4 mA per slide for 3 hours . The slides were 
then taken out of the electrophoretic assembly. The 
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antiserum was then placed in the central channel . The 
diffusion of antigen and antibody was allowed to take 
place for 3 hours at room temperature and for 24 hours at 
4°C. The gels were then washed, dried and photographed 
or stained and destained if necessary in the same manner 
as described for immunodiffusion. 
14. Proteolytic digestion: 
Proteolytic digestion of BSA and i ts modified 
derivat ives was studied in 0.1 M sodium phosphate buffer, 
pH 8 ,0 ' a t34°C, using t rypsin and chymotrypsin as the 
proteolytic enzymes, as described by Paik and Kim (1972) 
and modified by Ansari _et_ al_., (1975). The reaction was 
generally performed at a subst ra te to enzyme rat io of 1:2. 
The reaction mixture was left at 34°C, and aliquots of 
0.5 ml were taken from the reaction mixture at different 
time in t e rva l s . The reaction was stopped by adding 0.5 
ml of precooled 1 M sodium acetate buffer, pH 3.0. After 
this 0.5 ml of ninhydrin reagent was added to the mixture 
and the contents were heated in a boiling water bath for 
15 minutes. The contents were then cooled under tap 
water . Five ml of 50% ethanol was added, and the 
solution was filtered through millipore f i l ter . The 
absorbance was recorded at 570 nm agains t a blank which 
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was prepared in the same manner except that protein was 
added after inactivation of the enzyme with 0.1 M acetate 
buffer, pH 3.0. The change in absorbance at 570 nm 
( i . e . A O.D 570 nm) was plotted against time, and the 
in i t ia l l inear points of the curves were fitted into 
s t ra ight lines by the method of least squares ana lys i s . 
The slope of the plot gave the value of rate constant K, 
The effective ra te constant, Ke was calculated by dividing 
the ra te constant by the number of peptide bonds 
susceptible to the par t icular enzyme. 
15. Determination of intrinsic viscosity: 
The viscosity determination of native BSA and its 
modified derivatives were carried out by s tandard 
procedure (Ahmad & Salahuddin, 1974). A Kimax G-46 
Viscometer, size 25 (Kimax, USA) having a flow time of 
534.8 seconds for 4 ml of distil led water at 25°C was 
used. The viscometer was first washed thoroughly with 
filtered chromic acid, detergent and distil led water. It 
was finally rinsed with pure dust-free ethanol and dried 
by passing a stream of filtered dust-free a i r . It was 
ensured that all the solutions passed through the 
viscometer were dust-free. The washing and drying was 
carried out with the help of a suction pump. The 
54 
viscosity determinations were carr ied out inside a glass 
tank whose temperature was maintained at 25j^  0.02°C by 
circulat ing water with the help of an immersion 
circulator , model F3 (Haake Mess, West Germany). The 
viscometer was hanged with an iron clamp to ensure 
ver t ical s turdy position of the viscometer during 
measurements. The solutions whose viscosities were to be 
determined were filtered through a millipore filter (pore 
size 0.45 ji, 25 mm diameter) . The time of fall of a l l the 
solutions was recorded with a stop watch whose least 
count was 0.01 sec. 4 ml of the filtered solvent i . e . 
0.06 IVI sodium phosphate buffer, pH 7.0 was charged into 
the viscometer and i ts time of fall was determined. Five 
readings were taken and the mean of al l of these readings 
was taken for measuring viscosi ty. The time of fall of 
solvent is denoted by t . The time of fall of each protein 
solution was recorded at about five different 
concentrations in the range of 2-10 mg per ml in the same 
manner as described above for solvent. Five readings 
were taken for each solution and a l l these observations 
agreed within +^0.3 seconds. However, mean value was 
taken for calculat ions. The reduced viscosity of the 
protein at each concentration was computed with the help 
of the following equation (Tanford, 1955). 
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nred = (t- t^/ t^c) + (l-V2Po)/po ^5) 
where t i s the time of fall of a solution of concentration 
c, t is the time of fall of solvent, V„ is the pa r t i a l 
specific volume and was taken to be 0.733 for nat ive BSA 
and its modified derivat ives ( Tayyab and Qasim, 1986); 
p is the density of the solvent and was determined by 
weighing known volumes of the solvent and was found to 
be 1.0035 g per ml. 
The int r ins ic viscosity of the protein was 
determined from reduced viscosities at var ious protein 
concentrations and is defined by the following 
re la t ionship: 
[T^] = lim A.red (6) 
c >0 
A plot of reduced viscosity agains t protein concen-
trat ion yielded a s t ra ight l ine . The s t ra ight lines were 
drawn by the method of least sqaures and the intercept of 
these s t ra ight lines on Y-axis gave in t r ins ic viscosity of 
the protein. 
16. Urea denaturation studies: 
(i) Denaturation with 9 M urea : 
The urea-induced unfolding of BSA was studied in 
0.06 M sodium phosphate buffer, pH 7.0, and was 
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monitored by ul traviolet difference absorption spectroscopy 
in the wavelength range of 250-360 nm, using Shimadzu 
double beam spectrophotometer, model UV 150-02. Protein 
solutions were extensively dialyzed aga ins t 0.06 M sodium 
phosphate buffer, pH 1.0. 9 M urea was taken in a 5 ml 
s tandardized volumetric flask by weight. One milili tre of 
protein solution containing about 10 mg of protein was 
taken into the flask and the volume was made upto the 
mark with buffer. The blank was prepared in the same 
manner except that the protein solution was replaced by 
the buffer. In another flask of the same volume, 
identical amount of protein was taken and the volume was 
made upto the mark with buffer. No urea was taken in 
this flask and buffer was used as a b lank . All these 
solutions were incubated for 12 hours at 30°C in an 
incubator . The solutions were then filtered through a 
millipore filter (pore size 0.45 ju and diameter 25 mm). 
The absorbance of the native protein was recorded against 
i ts blank in the wavelength range of 250-360 nm. 
Similarly, the absorbance of the protein solution in 9 M 
urea was recorded against i ts blank at the same 
wavelengths. The wavelength in te rva l at the peak 
position was 1 nm. The difference spectrum was generated 
manually by subtract ing the absorbance of nat ive BSA 
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from the denatured one, after making suitable corrections 
for l ight sca t te r ing . The difference in absorption 
( ^ O.D.) was then converted into the difference in the 
specific extinction coefficient ( ^ % c m )• ^^^ ^^^ 
measurements were carr ied out at room temperature. 
(ii) Transition s tudies : 
From the difference spectrum of nat ive BSA, it 
was found that the change in absorbance was maximum at 
288 nm and this change in absorbance at 288 nm i . e . 
ZA O.D„„„ was used to follow the t ransi t ion from native to 
denatured s ta te . Weighed amounts of urea were taken in 
5 ml s tandardized volumetric flasks so that urea 
concentration in the range of 0.5 to 10.0 M was obtained. 
One ml of buffer was added to each of these f lasks, 
followed by the addition of 1 ml of protein solution (10 
mg/ml) containing identical amount of protein. The 
solutions were dissolved and the volume was made upto 
the mark with buffer. For each of these solutions, blanks 
were prepared in the same manner except tha t the protein 
solution was replaced by buffer. All these solutions were 
incubated for 12 hours at 30°C in an incubator . The 
solutions were then filtered through a Millipore filter 
(pore size 0.45 p and 25 mm diameter) . The absorbance 
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of a l l these solutions was recorded against their 
respective blanks at wavelengths 288, 340, 350 and 360 
nm. After applying the scat ter ing correction, net 
absorbance at 288 nm was determined. The difference in 
absorption at 288 nm (Ao.D„„-) was calculated by 
subtract ing the absorption of nat ive protein from the 
absorption of the protein contained in u rea . The 
differences in absorption were converted into the 
differences in the specific extinction coefficient. 
(iii) Analysis of denaturat ion curves: 
The parameter used to observe unfolding i . e . 
1 0 / 
^ %c°m ^^ 288 nm is denoted by y . The value of y 
character is t ic of the nat ive s ta te , yN was obtained by 
extrapolat ing the in i t i a l l inear portion of the curve into 
the t ransi t ion region. The value of y character is t ic of 
the denatured s ta te , yD was obtained by extrapolat ing the 
l inear portion of the curve at higher urea concentrations 
into the t ransi t ion region. A two state mechanism was 
applied to analyse the denaturat ion process. 
For a two state mechanism: 
fD + fN = 1 (7) 
where fD is the fraction of protein present in the 
denatured state and fN is the fraction of protein present 
in the nat ive s t a te . 
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The fraction of protein present in the denatured 
s ta te , fD J can be calculated from the following 
re la t ionship: 
fD = (y-yN)/(yD-yN) (8) 
where y is the value of A E^  ° at cer ta in urea 
1cm 
concentration and yN and yD represent the values of y 
charac ter i s t ic of the native and denatured s tates at the 
same concentration of urea . 
The equilibrium constant, K can be obtained from 
the re la t ionship : 
S = (fD)/(l-fD) ^^^ 
The free energy of folding,AG,. at any point in the 
t ransi t ion region can be calculated by employing the 
equation: 
^D = e ^ V ^ ^ (10) 
and 
^G^ = -RT In Kp (11) 
(iv) Estimating the conformational s t ab i l i ty : 
Two methods were used to estimate the 
conformational s tabi l i ty of BSA and i ts modified der ivat ives , 
(a) Linear extrapolation method: In th is method we 
assume that the l inear dependence of A G upon 
denaturant concentration obtained in the t rans i t ion region 
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continues to zero concentration of the dena turan t . Thus, 
an equation of the form 
A G T . = A G "2° - ni (denaturant) (12) 
i s obtained. A plot of ^ Gj-, agains t denaturant 
concentration yields a s t ra ight l ine , the intercept of which 
gives the value of ^ G ^ ^ 
(b) Denaturant-binding model: In this method it is 
assumed that unfolding resul ts because there are a 
greater number of ident ica l , noninteracting binding sites 
for denaturant molecules on the unfolded conformation than 
on the globular conformation. Then it follows: 
A G D = A o p ^ z O _ A n RT ln(l+Ka) (13) 
where / \ G_^  is the free energy of unfolding at urea 
act ivi ty a, Z \ G J ^ 2 is 4^G at zero concentration of the 
denaturant , / ^ n is the difference in the number of 
denaturant binding sites between unfolded and folded 
conformations and K is the equilibrium constant for 
binding at each s i te . The ac t iv i ty , a, of urea was 
calculated from the following relat ionship (Bower and 
Robinson, 1963): 
a = 0.9185 (M) - 0.02978 (M)^ - 0.00308 (M)"^  (14) 
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17. Interaction of bilirubin with albumin: 
The interaction of b i l i rubin with nat ive albumin 
and i t s modified der ivat ives was studied by visible 
absorption spectroscopy and by fluorescence quench 
t i t ra t ion , 
(i) Visible absorption spectroscopy: 
The visible absorption spectra of free bi l i rubin 
and BSA (native and modified)-bil irubin complex were used 
to study the effect of chemical modification of BSA on i ts 
b i l i rubin binding. 
Bilirubin solution was prepared by dissolving 4 
mg of crys ta l l ine bi l i rubin in 5 ml of 5 mM NaOH 
containing 1 mM EDTA, and the volume was made upto 50 
ml with tris-HCl buffer, pH 8.0, ionic s trength 0.15. The 
solution was prepared just before use . The concentration 
of b i l i rubin was determined by recording i ts absorbance 
at 440 nm, employing a molar extinction coefficient of 
47,500 (Jacobsen and Wennberg, 1974). 
Protein solutions were prepared in tris-HCl buffer, 
pH 8.0, ionic strength 0.15. Protein concentration was 
ident ical for a l l the prepara t ions of BSA and was 
maintained at about 1 mg/pil. The molar ra t io of 
bi l i rubin to albumin was in the range of 0.5 to 2 .0. The 
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absorption spectra of b i l i rubin and bi l i rubin-albumin 
complex were recorded in tris-HCl buffer, pH 8.0, ionic 
s trength 0.15 in the wavelength range of 430-530 nm, 
using Shimadzu double beam spectrophotometer model UV 
150-02. The absorption spectra of bi l i rubin-albumin 
complex were recorded exactly after 10 minutes of the 
addition of b i l i rubin to protein solution in each case. 
The absorption spectrum of free b i l i rubin was recorded 
separate ly for each spectrum of bi l i rubin-albumin complex, 
and the concentration of b i l i rubin was str ict ly maintained 
ident ical to that present in the complex mixture. The 
difference absorption spectra were obtained manually by 
subtract ing the absorption spectrum of b i l i rubin from that 
of i ts complex with albumin. 
(ii) Fluorescence quenching s tudies : 
The interaction of b i l i rubin with albumin and i ts 
modified derivat ives was also studied by the technique of 
fluorescence quenching, using Shimadzu 
spectrofluorophotometer, model RF-540, connected to a 
recorder, model DR-3. The single t i t ra t ion was performed 
in tris-HCl buffer, pH 8.0, ionic s trength 0.15 and was 
used to quant i ta te the interaction of b i l i rubin with 
albumin in terms of binding affinity and capaci ty. 
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following the method of Levine (1977). 
Bilirubin solutions were prepared in the same 
manner as described above j in tris-HCl buffer, pH 8.0, 
ionic strength 0.15. The protein solutions were also made 
in the same buffer. The t i t ra t ion was then performed in 
a discontinuous manner by taking 1 ml of protein solution 
containing 2 mg protein in a series of test tubes , followed 
by the addition of increasing volumes of stock bi l i rubin 
solution to obtain a molar ra t io in the range 0.1-2.0 
between bi l i rubin and albumin. The total volume was 
made up to 4 ml with the buffer. The final protein 
concentration was 500 ug/ml. Fluorescence emission 
spectra were recorded exactly after 10 minutes of the 
addition of b i l i rubin to protein solution, by excitation of 
the solution at 282 nm using a sli t width of 5 nm for 
excitation as well as emission. 
Relative fluorescence was calculated by taking 
the fluorescence of the b i l i rubin free protein solution to 
be 100. A graph was plotted between re la t ive fluorescence 
and bi l i rubin-albumin molar r a t i o . A least squares 
analys is of the in i t i a l l inear points of the graph was 
used to determine the maximal quench (m.) from the 
following re la t ionship: 
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F = FQ - m;^  R (15) 
where F i s the f luorescence a t b i l i r u b i n to a lbumin r a t i o 
(R) , a n d FQ i s the f luorescence of p r o t e i n a t zero 
concen t r a t i on of b i l i r u b i n . 
The d a t a were a n a l y s e d for the d e t e r m i n a t i o n of 
b i n d i n g a f f in i ty a n d c a p a c i t y , by u t i l i z i n g the S c a t c h a r d 
e q u a t i o n ( S c a t c h a r d , 1949) a s d e s c r i b e d by Levine (1977). 
n Ka 
[ BA ] Ka 
[ a l b u m i n ] q^  
[ BA ] 
[B] [a lbumin]^ 
(16) 
or 
n Ka - KaQ 
Q Q 
[B] [R-Q] [ a l b u m i n ] ^ 
(17) 
where n i s t h e b i n d i n g c a p a c i t y , Ka i s t h e a f f in i ty 
c o n s t a n t , [B] i s the free b i l i r u b i n c o n c e n t r a t i o n , R i s t he 
molar r a t i o between t o t a l b i l i r u b i n a n d t o t a l a lbumin a t 
a n y poin t in the t i t r a t i o n a n d Q i s the f r a c t i o n a l quench 
and was c a l c u l a t e d from the fol lowing r e l a t i o n s h i p : 
Q = (Fo - F ) / ( m i ) (18) 
The d a t a o b t a i n e d for n a t i v e a n d modified 
a lbumins were f i t ted in to e q u a t i o n 17, a n d a g r a p h was 
p lo t t ed between Q a n d Q / [ B ] . A l e a s t s q u a r e s a n a l y s i s of 
the d a t a was used to de te rmine the a f f in i ty a n d c a p a c i t y 
of b i l i r u b i n for b i n d i n g to p r o t e i n . 
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1. Preparation of bovine serum albumin (monomer) 
The commercial prepara t ion of bovine serum 
albumin contained dimeric and other aggregated forms in 
addition to the monomeric one, as shown by gel filtration 
and polyacrylamide gel electrophoresis (Fig. 3 ) . The 
pure monomeric prepara t ion of bovine serum albumin was 
obtained by gel f i l trat ion of the commercial BSA 
preparat ion on a Sephadex G-150 column (122 x 2.75 cm) 
as described in the experimental section. A typical 
elution profile is shown in Fig. 3. Three dist inct peaks 
having Ve/Vo rat io of 1.08, 1.26 and 1.62 were obtained. 
Peaks I and I I contained various aggregated forms of 
bovine serum albumin whereas peak I I I contained only the 
monomeric form. The fractions in peak I I I that are 
marked by a solid bar (Fig. 3) were pooled together, 
concentrated and stored at 4°C in 0.06 M sodium 
phosphate buffer, pH 7.0, containing 0.02% sodium azide. 
The puri ty of this monomeric albumin was checked by gel 
f i l trat ion on a Sephacryl S-300 column (71 x 1.75 cm) and 
by polyacrylamide gel electrophoresis. The resul ts are 
shown in Fig . 4. The resul ts show that the isolated 
preparat ion of bovine serum albumin was homogeneous with 
respect to size and charge . This monomeric prepara t ion 
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Fig . 3 . Elution of commercial BSA on a Sephadex G-150 column 
(122 X 2.75 cm). The column was equi l ibrated with 
0.06 M sodium phosphate buffer, pH 7.0 containing 0.02% 
sodium azide. One gram of protein in 5 ml of buffer 
was applied on the column. The column was operated at 
a flow ra te of 30 ml hr and fractions of 10 ml were 
collected. The column was monitored for protein by the 
method of Lowry _et_ aj^., (1951). The fractions marked 
by a solid bar were pooled, concentrated and stored at 
4°C. The inset shows polyacrylamide gel electrophoretic 
pat tern of BSA obtained on 7% polyacrylamide gels at 
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Fig. 4 . Elution profile of BSA (monomer) on a Sephacryl S-300 
column (71 x 1.75 cm). The column was equil ibrated with 
0.06 M sodium phosphate buffer, pH 7.0 containing 0.02% 
sodium azide. 10 mg of protein in 1.5 ml of buffer was 
applied on the column. The column was operated at a flow 
ra te of 15 ml/hr . Fractions of 2 ml were collected and 
monitored for protein by the method of Lowry et_ al_. (1951). 
The inset shows the polyacrylamide gel electrophoretic 
pat tern of monomeric BSA obtained on 7% polyacrylamide 
gels at pH 8.2 (Davis, 1964). 
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referred to as BSA. 
2. Chemical modification 
Amino groups of BSA were modified using acetic 
anhydr ide , potassium cyanate and 0-methylisourea as 
described in the experimental section. These reagents 
under s l ightly a lkal ine conditions are known to be fairly 
specific for amino groups with l i t t le or no modification of 
any other functional group in "the protein (Chervenka and 
Wilcox, 1956; Geschwind and Li, 1957; Hettinger and 
Harbury, 1964; Smyth, 1967; Banks and Shafer, 1970; 
Riordan and Vallee, 1972a). The experimental conditions 
such as the molar excess of the reagent over protein and 
duration and temperature of reaction for obtaining the 
desired extent of modification were worked out in 
preliminary experiments. 
The extent of modification was determined by 
ninhydrin method (Moore and Stein, 1954). Absorbance 
values for each modified (and native) albumins were 
plotted against protein concentration and are shown in 
Fig. 5. The data were fitted into s t ra ight l ines by least 
squares analys is method and the slopes of the lines were 
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P r o t e i n c o n c e n t r a t i on ,mg 
F i g . 5 . P lo t s for the de t e rmina t ion of the ex t en t of modi f i ca t ion . 
S t r a i g h t l i n e s were d r a w n by t h e method of l e a s t 
s q u a r e s . The v a r i o u s numbers re fe r t o : (1) Nat ive BSA 
(2) 62% gdn-BSA; (3) 64% act-BSA; (4) 66% cbl-BSA 
(5) 88% gdn-BSA; (6) 91% cbl-BSA; (7) 93% gdn-BSA 
(8) 96% act-BSA. 
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these values in equation 4, viz . 
% modification = (1 -m'/m )100 
Where m' and m are the values of the slope for modified 
and unmodified albumins respect ively. The extent of 
chemical modification thus obtained is summarized in 
Table I I I . I t i s apparent from these resul ts that the 
maximum extent of modification which could be achieved 
was about 90%. These resul ts were consistent with the 
ear l ier succinylation resul ts obtained in th is laboratory 
which suggested that about 20% amino groups of BSA were 
buried and were difficult to modify (Tayyab and 
Qasim, 1966) .Of the three modifying reagents used in this 
s tudy, potassium cyanate and 0-methylisourea are known 
to be specific for the amino groups of proteins 
(Hettinger and Harbury, 1964; Kimmel, 1967; Stark et_ a l . , 
1972; Habeeb, 1960; 1961; Fojo et_ a l . , 1983) under the 
conditions used in this s tudy. However, acetic anhydride 
also reacts with tyrosine residues and produces 0-acetyl 
tyrosine res idues . 
3 . Determination of O-acetyl tyrosine residues 
Treatment of O-acetyl tyrosine residues of a 
protein containing O-acetyl tyrosine residues with 1 M 
TABLE - I I I 
CHEMICAL MODIFICATION OF BOVINE SERUM ALBUMIN 
Reagent % modi- No.or amino 
c o n c e n - React ion cond i t ions f ica t ion* g r o u p s 
t r a t i on (M) modified 
Reagent 
Acetic 
a n h y d r i d e 230** 40 minutes a t 4°C, pH 7 .4 -7 .6 
64 38 
1000** 40 minutes a t 4°C, pH 
7 .4 -7 .6 
96 58 
Potass ium 
c y a n a t e 
Q 5 36 h o u r s a t room tempe- 55 
r a t u r e , pH 7.7 
40 
0.7 100 h o u r s a t room tempe- 2\ 
r a t u r e , pH 7.7 
55 
0-methy l -
i s o u r e a 
0.5 5 | h o u r s a t 4°C, pH 10.5 62 37 
0.5 28 h o u r s a t 4°C, pH 10.5 88 
0.7 113 h o u r s a t room tempe- 93 
ra t u r e , pH 1 0 . 5 
53 
56 
* o b t a i n e d by n i n h y d r i n method by u s i n g e q u a t i o n 4. 
**denotes molar excess of the r e a g e n t over p r o t e i n . 
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h y d r o x y l a m i n e , pH 7 . 5 , i s ve ry effect ive i n d e a c y l a t i n g 
t y r o s i n e r e s i d u e s . The r e a c t i o n c a n be followed by 
moni tor ing i n c r e a s e in a b s o r b a n c e a t 278 nm. The time 
course of 0 - d e a c y l a t i o n followed by m e a s u r i n g the 
a b s o r b a n c e c h a n g e a t 278 nm i s shown in F i g . 6. The 
d e a c y l a t i o n i s complete in about 15 m i n u t e s . The t o t a l 
c h a n g e i n a b s o r b a n c e a t 278 nm was used for c a l c u l a t i n g 
the numbe t of t y r o s i n e r e s i d u e s modif ied, by u s i n g e q u a t i o n 3 
(Riordan and Val lee , 1972b), v i z . 
A A X M 
N = 
1160 X C 
w h e r e A A „ „ „ i s the c h a n g e in a b s o r b a n c e a t 278 nm 
between a c e t y l a t e d and d e a c e t y l a t e d p r o t e i n of 
concen t r a t i on C, a n d M i s the molecu la r we igh t of the 
p r o t e i n . Three a n d e i g h t t y r o s i n e r e s i d u e s were modified 
in 64% a n d 96% a c e t y l a t e d BSA r e s p e c t i v e l y . The two 
a c e t y l a t e d p r e p a r a t i o n s were t r e a t e d with 1 M 
h y d r o x y l a m i n e , pH 7.5 for 30 minutes to d e a c y l a t e 
0 - a c e t y l t y r o s i n e r e s i d u e s of these p r e p a r a t i o n s . All t he 
expe r imen t s d e s c r i b e d in t h i s s t u d y were performed with 
a c e t y l a t e d a l b u m i n s from which 0 - a c e t y l t y r o s i n e r e s i d u e s 
h a d been d e a c e t y l a t e d . 













10 15 20 
Time In minutes 
25 30 
Fig . 6. Kinetics of deacylation of 0-acetyl tyrosine residues in 
96% act-BSA (1) and 64% act-BSA (2) upon treatment with 
1 M hydroxylamine, pH 7.5 . 
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study while specific for amino groups differ in the nature 
of the group they introduce in the protein. The chemical 
reactions occurring at the amino group are shown in Fig. 
7. Acetyl groups and carbamyl groups have no charge at 
pH 7.0 and hence acetylation and carbamylation will in 
effect increase the net negative charge on the protein by 
one unit for each entering group. On the otherhand, the 
positive charge on the protein is re tained upon 
guanidinat ion; thus there is no change in the net charge 
of the protein at about neutral pH va lue . 
4. Homogeneity of BSA and its modified derivatives 
The homogeneity of BSA and i ts modified 
derivat ives was determined by gel f i l t rat ion and 
polyacrylamide gel electrophoresis. 
(a) Gel f i l t ra t ion: 
Gel f i l trat ion behaviour of nat ive BSA and its 
modified der ivat ives was studied on a Sephacryl S-300 
column (71 x 1.75 cm) and is described in^the.section of 
hydrodynamic proper t ies . As can be seen there 
(Fig. 16), a l l the preparat ions eluted with a single 
symmetrical peak indicat ing size homogeneity. 






-*- Pro(eln-NH-C-CH3 + CH3COO -*• H 
2. CARBAMYLATION 






ro te in—NH2+ >:—NH2 »• Protein—NH-C-NH3 • CH3OH 
Fig . 7. Reaction of free amino groups of proteins with acetic 
anhydride (Acetylation), potassium cyanate 
(Carbamylation) and O-methylisourea (Guanidination). 
For reaction conditions see Table I I I . 
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(b) Polyacrylamide gel electrophoresis: '^^^i^^. 
Polyacrylamide gel electrophoretic resul ts of 
native BSA and i ts modified derivat ives obtained at 
pH 8.2, ionic s trength 0.02, are shown in Fig . 8. All 
the prepara t ions gave a single band indicat ing 
homogeneity in chemical modification. The re la t ive 
mobility of nat ive and modified albumins is given in 
Table IV. BSA which has a net charge of - 18 at pH 8.2 
(calculated from the hydrogen ion t i t ra t ion of BSA; Foster, 
1960) has re la t ive mobility of 0.578. Carbamylation and 
acetylation replace positive charge on lysine side chains 
at neut ra l pH by zero charge whereas guanidinat ion 
re ta ins the positive charge. The net charge on various 
modified derivat ives of BSA is shown in Table IV. As 
would be expected on the basis of net charge , the re la t ive 
anodic mobility of carbamylated and acetylated albumins 
is higher than nat ive or guanidinated BSA. However, 
contrary to the expectations the re la t ive mobility of 96% 
acetylated BSA was less than tha t of 64% acetylated 
prepara t ion . It may be pointed out that re la t ive mobility 
of a protein on polyacrylamide gels also depends upon i ts 
Stokes rad ius in addition to the net charge on the 
protein. As would be seen in a l a te r section, 96% 
Fig . 8. Polyacrylamide gel electrophoretic pa t terns of native and 
modified albumins obtained on 1% polyacrylamide gels at 
pH 8.2. The electrophoresis was carr ied out by applying 
a current of 4 mA per gel tube . Gels were stained with 
1% amidoschwarz and destained in 7% acetic acid. The 
arrows show the position of t rack ing dye. The various 
numbers represent : (1) Native BSA; (2) 64% act-BSA; 
(3) 96% act-BSA; (4) 66% cbl-BSA; (5) 91% cbl-BSA; 
(6) 62% gdn-BSA; (7) 88% gdn-BSA; and (8) 93% gdn-BSA. 
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TABLE - IV 
ELECTROPHORETIC MOBILITY OF NATIVE AND MODIFIED 






























Rela t ive 









* For detai ls see legend to Fig .9 . 
** Relative mobility was calculated with respect to the 
mobility of bromophenol b lue . 
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acetylated albumin undergoes much greater conformational 
changes than 64% acetylated albumin. The higher value 
of Stokes rad ius in the case of 96% acetylated albumin is 
probably responsible for greater re tardat ion coefficient in 
this p repara t ion . Similar resul ts have also been obtained 
in succinylated albumins (Tayyab and Qasim, 1986). 
5. Ultraviolet spectral features 
The UV absorption spectra of nat ive BSA and its 
modified der ivat ives were recorded in 0.06 M sodium 
phosphate buffer, pH 7.0. The absorption spectra are 
depicted in Fig. 9. For c lar i ty only the spectra of 
na t ive , 93% guanidinated and 96% acetylated albumins are 
shown. The UV spectra of other prepara t ions were 
qual i ta t ively s imilar . All the spectra were character ized 
by a peak near 279 nm and a trough close to 255 nm. 
The notable difference between the UV spectrum of nat ive 
19' BSA and modified albumins is a decrease in E ° in 
1cm 
modified albumins and a blue shift in some of the 
prepara t ions (such as 96% acetylated a lbumin) . The 
resul ts on extinction coefficient and blue shift can be 
more clearly seen in Table V. The blue shift in the UV 
spectra of proteins is usual ly associated with 
conformational changes and consequent exposure of 
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240 260 280 300 
Wavelcn gth , nm 
Fig . 9. Ultraviolet absorption spectra of nat ive BSA and some of 
i ts modified der ivat ives obtained in 0.06 M sodium 
phosphate bj^fer, pH 7.0. The resul ts are plotted in 
terms of E. ° which was determined by dry weight 
method as described in the experimental section. The 
different albumin preparat ions a r e : -
nat ive BSA ( ), 93% guanidinated BSA ( -) and 
96% &cetYla.t&d BSA ( ) . 
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TABLE - V 
ULTRAVIOLET ABSORPTION CHARACTERISTICS OF NATIVE AND 
MODIFIED ALBUMINS IN 0.06 M SODIUM PHOSPHATE 
BUFFER, pH 7.0 
P ro te in Peak a t E^°J 
(nm) 1cm 























Wetlaufer, 1962). Therefore, a simple explanation of blue 
shift in modified albumins is that they undergo 
conformational changes upon chemical modification. 
However, the blue shift was apparent in only 96% 
acetylated and 91% carbamylated albumins. The other 
four modified albumins (See Table V) undergo 
insignificant blue shift and hence in these preparat ions 
the extent of conformational change seems to be small 
with l i t t le or no change in the environment of tyrosine 
res idues . 
The spectral differences i n modified albumins can 
be more clearly seen in their difference spectra agains t 
nat ive albumin. The difference spectra were obtained 
manually by subtract ing the absorbance of nat ive 
albumins from tha t of modified albumins i of ident ical 
concentration at different wavelengths. Fig . 10 shows the 
difference spectra of 96% acetylated and 91% carbamylated 
albumins agains t nat ive BSA. For comparison, difference 
spectrum of albumin in 9 M urea is also included. The 
difference spectra for other modified albumins were 
qual i ta t ively similar but as expected, quant i ta t ive ly they 
were much smaller than 96% acetylated albumin or 91% 
carbamylated albumin and have been omitted for c l a r i ty . 
The presence of a trough at 288 nm in the difference 
spectra i s strongly indicat ive of conformational changes and 
0-2 
E 





240 270 300 3 3 0 
Wa V e I e ng t h , nm 
F i g . 10. Ul t rav io le t d i f ference a b s o r p a t i o n s p e c t r a of 96% act-BSA 
( -); 91% cbl-BSA ( ) ; and 66% cbl-BSA 
( ) a g a i n s t n a t i v e BSA o b t a i n e d in 0.06 M sodium 
p h o s p h a t e buffer , pH 7 .0 . The sol id l i ne shows the 
difference spec t rum of BSA con ta ined i n 9 M u r e a 
a g a i n s t n a t i v e BSA in 0.06 M Sodium p h o s p h a t e buffer , 
pH 7 .0 . 
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exposure of tyrosine residues in modified albumins. As 
pointed out ear l ie r , no tyrosine residue was modified in 
modified albumins or if modified (acetylation) it was 
deacylated by hydroxylamine treatment. Therefore, it is 
unlikely that chemical modification of tyrosine residues is 
making any contribution to the difference spectrum. The 
absence of any trough at 292 nm which would indicate 
exposure of t ryptophan residues is not su rp r i s ing . F i r s t , 
the tryptophan residues in BSA are outnumbered by 
tyrosines by a big margin: the ra t io of tyrosine to 
tryptophan in BSA is 10. Secondly, it has been found that 
both the t ryptophans of BSA are exposed to the solvent in 
the nat ive protein (Sogami and Ogura, 1973). 
6. Fluorescence characteristics 
The fluorescence excitation and emission 
spectra of nat ive BSA and its modified der ivat ives were 
recorded in 0.06 M sodium phosphate buffer, pH 7.0 at 
25°C and are shown in Fig. 11. The excitation spectra of 
a l l these preparat ions were recorded at an emission 
wavelength of 340 nm (Fig. 11-A). The excitation 
maximum for nat ive BSA was at 282 nm and did not show 
any change upon modification of i ts lysine res idues . The 














250 300 350 
Wavelength,nm 
300 350 400 
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Fig. 11. Fluorescence excitation (A) and emission (B) spectra of 
nat ive and modified albumins in 0.06 M sodium phosphate 
buffer, pH 7.0. The excitation spectra were recorded at an 
emission wavelength of 340 nm, whereas the excitation 
wavelength for recording the emission spectra was fixed at 
282 nm. The various representat ions signify: 
, Native BSA; , 93% gdn-BSA; , 66% cbl-BSA; 
, 64% act-BSA; 91% cbl-BSA; and 
, 96% act-BSA. 
Operational conditions of spectrofluorophotometer were: 
Abscissa scale = x 4 
Ordinate scale = x 2 
Excitation sli t = 5 nm 
Emission sli t = 5 nm 
Sensitivity = High 
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similar to that of nat ive BSA, however, fluorescence 
intensi ty decreased upon chemical modification. The 
emission spectra were recorded at an excitation wavelength 
of 282 nm (Fig. 11-B). The native BSA emitted maximally 
at 343 nm. Modification of lysine residues produced 
quenching in the fluorescence irrespective of the nature of 
the group introduced (see Table VI). Further , a l l these 
preparat ions showed a significant blue shift . The 
fluorescence intensi ty along with the maximum wavelength 
of excitation and emission of nat ive and modified albumins 
are summarized in Table VI. The fluorescence quenching 
and the blue shift in modified albumins is probably due 
to environmental changes in tyrosine res idues , although 
the vic inal effects of the groups introduced can not be 
ruled out. As stated ear l ier both the t ryptophans of BSA 
are exposed and are unlikely to contribute to the 
difference in the fluorescence character is t ics of nat ive and 
modified BSA. The fluorescence emission spectra of nat ive 
and modified albumins were also, recorded at different excitation 
wavelengths, viz . 275, 280, 285, 295, 300 and 305 nm. 
Quali tat ively, resul ts were similar to the one shown in 
Fig. 11. 
7. Hydrodynamic properties 
Gel f i l t rat ion and viscometry were the two 
TABLE -VI 
FLUORESCENCE PROPERTIES OF NATIVE AND MODIFIED ALBUMINS 
P r o t e i n E x c i t a t i o n * Emiss ion** 
^ m a x ( n m ) F Xf"='^("'") 
N a t i v e BSA 283 8 5 . 8 341 8 6 . 4 
64% act-BSA 283 66.6 334 66.6 
96% act-BSA 282 52.8 333 56.4 
66% cbl-BSA 283 73.8 338 73.2 
91% cbl-BSA 283 64.2 334 65.4 . 
93% gdn-BSA 283 82.8 340 83.4 
* Emission wave l eng th was 340 nm 
** Exc i t a t i on wave l eng th was 282 nm 
A max = w a v e l e n g t h a t which f luorescence p e a k s 
F = F luorescence i n t e n s i t y a t A max . 
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techniques employed for s tudying the hydrodynamic 
properties of nat ive BSA and i ts modified der iva t ives . 
^^^ Gel f i l t ra t ion; 
Hydrodynamic properties such as Stokes r ad iu s , 
diffusion coefficient and frictional ra t io were studied by 
gel fi l tration on a Sephacryl S-300 column (71 x 1.75 cm) 
equil ibrated with 0.06 M sodium phosphate buffer, pH 7.0. 
The void volume (Vo) of the column was determined by 
passing a band of blue dextran - 2000. The in terna l 
volume of the column (Vi) was obtained from the 
difference in the elution volumes of blue dextran and 
glucose (Fig. 12). The column was cal ibra ted by pass ing 
marker proteins of known hydrodynamic properties (Table 
VII ) . The chromatographic profiles of these marker 
proteins are shown in Fig. 13. Similarly, the 
chromatographic profiles of native BSA and i ts modified 
derivat ives were also obtained under ident ical experimental 
conditions. The resul ts are shown in Fig . 14. The gel 
fi l tration data were normalized in terms of the following 
equations (Andrews, 1970): 
Kd = ^ ^ ^ ^ (19) 
Kav = ^^ ~ ^° (20) 











blue dextran glucose 
- / j - ^ 
50 60 70 150 160 170 
Elution Volume , ml 
F i g . 1 2 . E l u t i o n p r o f i l e s of b l u e d e x t r a n - 2000 and g l u c o s e 
on a Sephac ry l S-300 column (71 x 1.75 cm) The 
column was equi l ibrated with 0.06 M sodium phosphate 
buffer, pH 7.0. 10 mg each of blue dextran or glucose 
dissolved in 1.5 m]^ of buffer was applied on the column. 
The column was run at 15 ml hr . 2 ml fractions were 
collected. The fractions were monitored a t 625 nm for blue 
dextran and by phenol sulphuric acid method (Dubois 
et al , 1956) for glucose 
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TABLE - VII 
GEL FILTRATION DATA OF MARKER PROTEINS OBTAINED ON A SEPHACRYL 
S-300 COLUMN IN 0.06 M SODIUM PHOSPHATE BUFFER, pH 7.0 
P r o t e i n s 
S t ok e s * 
r a d i u s Ve/Vo 
(nm) 
Kd Kav ( - l o g K a v ) ^ e r f c 
kd 
- 1 




2.24 2.180 0.7422 0.6488 0.4334 0.1358 
2.73 2.032 0.6494 0.5677 0.4958 0.1880 
BSA (monomer) 3.55 1.934 0.5876 0.5136 0.5379 0.2253 
T y r o s i n a s e 
BSA (dimer) 
4.23 1.836 0.5257 0.4596 0.5810 0.2626 
4.30 1.776 0.4845 0.4235 0.6108 0.2899 
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Elution Volumt . ml 
F ig . 13. Chromatographic profiles of marker proteins on a Sephacryl 
S-300 column (71 x 1.75 cm) equi l ibrated with 0.06 M sodium 
phosphate buffer, pH 7.0. 10 mg of each protein, dissolved 
in 2 ml of the sodium phosphate buffer was applied on the 
column. The column was run at 15 ml hr . 2 ml fractions 
were collected. The fractions were monitored for protein by 
the method of Lowry _et_ al_. (1951). The different marker 
proteins a re : Bovine serum albumin (1); Ovalbumin (2); 
Tyrosinase (3); «>c-Chymotrypsinogen (4); and Ribonuclease (5) 
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where Kd is the distr ibution coefficient, Kav is the 
ava i lab le distr ibution coefficient, Ve is the elution volume 
of a protein, Vo is the void volume, Vi the in te rna l 
volume and Vt the total volume of the column. The gel 
fi l tration data of marker proteins are summarized in 
Table VII, along with Stokes r a d i i . The gel f i l trat ion 
data in terms of Ve/Vo, Kd and Kav for nat ive and 
modified albumins are summarized in Table VIII . Analysis 
of the da ta was done by the procedure of Laurent and 
Killander (1964) and Ackers (1967). 
According to Laurent and Killander: 
(-log Kav)^ = A+ ( B x R ) (21) 
where A and B are cal ibrat ion constants of a given gel 
and R is the Stokes rad ius of the protein. The equation 
predicts a l inear relat ionship between Stokes rad ius and 
(-log Kav)^. A least squares ana lys is of the da ta , 
obtained for marker proteins , according to the above 
equation yielded a s t ra ight line (Fig. 15-A) which obeyed 
the following equation 
(-log Kav)'' = 0.081 (R) + 0.254 (22) 
The values of avai lable distr ibution coefficient 
(Kav) for BSA and i ts modified der ivat ives were calculated 
TABLE - V I I I 
GEL FILTRATION DATA OF BSA AND ITS MODIFIED DERIVATIVES ON 
A SEPHACRYL S-300 COLUMN 
P r o t e i n s Ve/Vo Kd K a v ( - l o g K a v ) * erfc~''"Kd, 
BSA 1.934 0 .5876 0 .5136 0 .5379 0 .2253 
64% ac t -BSA 1.852 0 .5360 0 .4685 0 .5738 0 .2559 
96% ac t -BSA 1.770 0 .4845 0 .4235 0 .6108 0 .2899 
66% cbl -BSA 1.885 0 .5567 0 .4866 0 .5593 0 .2439 
91% cb l -BSA 1.852 0 .5360 0 .4685 0 .5738 0 .2559 
62% gdn-BSA 1.967 0 .6082 0 .5316 0 .5238 0 .2129 
88% gdn-BSA 1.967 0 .6082 0 .5316 0 .5238 0 .2129 






20 40 60 
Stokes radius,nm 
20 40 60 
Stokes radius.nm 
F i g . 15 . Trea tment of gel f i l t r a t i o n d a t a o b t a i n e d on Sephac ry l S-300 
column^ a c c o r d i n g to the method of L a u r e n t and K i l l a n d e r , 
1964 (A) and Ackers , 1967 (B) . The marke r p ro te in used 
a r e : BSA, dimer ( 1 ) ; T y r o s i n a s e 
Ovalbumin (4 ) ; o<l^-Chymotrypsinogen 
The a r rows i n d i c a t e the pos i t ion of 
Nat ive BSA ( a ) ; 66% cbl-BSA 
64% act-BSA ( d ) ; 91% cbl-BSA ( d ) ; 
( 2 ) ; BSA, monomer (3 ) ; 
(5) and Ribonuc lease (6) 
di f ferent p r o t e i n s v i z . 
( b ) ; 96% act-BSA ( c ) ; 
62, 88 and 93% gdn-BSA ( e ) . 
96 : 
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from the gel f i l trat ion data and were fitted in the above 
equation to calculate the Stokes r ad i i of the modified 
der ivat ives of BSA. The values of Stokes r ad i i calculated 
from this equation are given in Table IX. 
Ackers (1967) in his theoretical treatment of 
the gel f i l trat ion data has proposed another equation for 
the calculation of Stokes r a d i u s . He assumes that gel 
par t ic les have no pa r t i cu la r shape . The equation 
proposed is as follows: 
R = ao + bo erfc~"''Kd (23) 
-1 
where ao and bo are the cal ibrat ion constants , erfc Kd 
is the inverse error function complement of the 
distr ibution coefficient, Kd, and R is the Stokes rad ius of 
the protein. The equation predicts a s t ra ight line 
-1 between Stokes rad ius and erfc Kd. A least squares 
analys is of the data obtained for marker proteins , 
according to the above equation yielded a s t ra ight l ine 
(Fig. 15-B), which obeyed the following equation: 
-1 
erfc Kd = 0.069 (R) - 0.017 (24) 
The Stokes r ad i i of nat ive BSA and the 
modified albumins were determined by fi t t ing the values of 
TABLE - IX 
HYDRODYNAMIC PARAMETERS OF BSA AND ITS MODIFIED DERIVATIVES 
OBTAINED FROM GEL FILTRATION DATA ON A SEPHACRYL S-300 COLUMN 
S t o k e s r a d i u s , nm 7** 
P r o t e i n s L a u r e n t & A^ker.^ ^ / ^ ° * ° -^ ^^ 
K i l l a n d e r / . q R v t ' " ® ^ " ( c m V s e c . ) (1964) U 9 6 7 J 
BSA 3 . 5 1 4 3 . 5 1 1 3 . 5 1 2 1 . 3 0 5 7 6 . 2 9 9 4 
64% ac t -BSA 3 .959 3.955 3 . 9 5 7 1 .4711 5 .5910 
96% ac t -BSA 4 . 4 1 7 4 .448 4 .432 1.6477 4 .9917 
66% cb l -BSA 3 .779 3 .781 3 .780 1.4053 5 .8528 
91% cb l -BSA 3 .959 3 .955 3 .957 1.4711 5 .5910 
62% gdn-BSA 3 .339 3 .332 3 . 3 3 5 1.2399 6 .6377 
88% gdn-BSA 3 .339 3 .332 3 .335 1.2399 6 .6377 
93% gdn-BSA 3 .339 3 .332 3 . 3 3 5 1.2399 6 .6377 
* c a l c u l a t e d b y u s i n g e q u a t i o n 26 




erfc Kd in to the above e q u a t i o n a n d a r e summarized in 
Tab le IX. 
The Stokes r a d i i of BSA a n d v a r i o u s modified 
p r e p a r a t i o n s were , however , t a k e n a s the mean of the two 
v a l u e s o b t a i n e d from e q u a t i o n s 22 a n d 24, a n d a r e g iven 
i n Tab le IX. The mean v a l u e of Stokes r a d i u s was used 
for f u r t h e r c a l c u l a t i o n s . 
The v a l u e s of diffusion coeff ic ient , D a n d 
f r i c t i o n a l r a t i o , f/f^ for n a t i v e a n d modified a lbumins 
were c a l c u l a t e d from the following e q u a t i o n s : 
D = HT/67rr^^R (25) 
f/fo = R/OV^MAAN)-"'-^ (26) 
2 
where D i s the diffusion coefficient i n cm / s e c , k i s 
— 16 Bo l t zman ' s c o n s t a n t (1.386 x 10 e r g s / d e g r e e ) , T i s 
a b s o l u t e t e m p e r a t u r e , n i s t he coefficient of v i s c o s i t y of 
the medium (0.01 po ise for 0.06 M sodium p h o s p h a t e 
buf fe r , pH 7 . 0 ) , R i s Stokes r a d i u s , V„ i s t he p a r t i a l 
spec i f ic volume r epo r t ed to be 0.733 for BSA 
(Hunte r , 1966), M i s the molecu la r we igh t of p r o t e i n a n d 
was t a k e n to be 67,000 for BSA ( P e t e r s , 1985) a s wel l a s 
i t s modified forms, a n d N i s A v a g a d r o ' s number 
: 100 : 
23 (6.023 X 10 / mole). The values of diffusion coefficient 
and frictional ra t io for nat ive BSA and i ts modified 
derivat ives are summarized in Table IX. The Stokes 
rad ius of native BSA was found to be 3.59 nm which is in 
close agreement to the reported value of 3.55 nm 
(Andrews, 1970). The value of diffusion coefficient was 
-7 2 
found to be 6.1 X 10 cm /sec which closely resembles 
-7 2 the value of 5.9 x 10 cm /sec reported by Wagner and 
Scheraga (1956). The values of Stokes r ad i i of 
carbamylated and acetylated der ivat ives of BSA were 
considerably higher than nat ive BSA, and a corresponding 
change in diffusion coefficient and frictional ra t io was 
also observed. However, Stokes r ad i i of guanidinated 
albumins were s l ight ly lesser than native BSA. 
Acetylation and carbamylation neutral ize the 
positive charge on lysine res idues , and therefore, 
acetylated and carbamylated albumins will have 
subs tant ia l ly more negative charge or electrostatic free 
energy as compared to the native protein at or around 
neut ra l pH. The physicochemical measurements were 
performed at an ionic s trength of 0.15 at which the 
contribution of electrostatic destabil izat ion should be 
signif icant . Table IV summarizes the net charge and the 
101 
total number of charges for a l l the modified derivat ives of 
BSA. From Table IV it is clear that with an increase in 
the extent of modification, there is an increase in the 
negative charge or electrostatic free energy which 
correlates with the changes in Stokes r ad i i (Table IX). 
However, from a comparison of the values of Stokes r ad i i , 
diffusion coefficient and frictional ra t io of acetylated and 
carbamylated albumins, it is found that acetylated 
derivat ives experience a more pronounced change in 
conformation than their carbamylated counterpar ts . Since 
electrostat ical ly both should be equally destruct ive, the 
difference probably l ies in the na ture of the group 
introduced in each case. The values of Stokes r a d i i , 
diffusion coefficient and frictional ra t io for guanidinated 
albumins show that BSA upon guanidinat ion undergoes 
l i t t le or no conformational change. To check the results 
of guanidinated albumins further, their elution volume 
along with that of native albumin was determined on a 
longer column (dimensions 122 x 2.75 cm) of Sephadex 
G-150. The chromatographic profiles are shown in Fig. 16. 
The differences in elution volume of different guanidinated 
albumins and nat ive albumin were ins ignif icant . This is 
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Sephacryl S-300 column. Since upon guanidinat ion; the 
positively charged NH, group is replaced by a positively 
charged guanidino group, l i t t le or no disruption of 
non-covalent interactions may be expected with minimal 
conformational changes. 
(b) Viscosity measurements: 
The reduced viscosity of nat ive BSA and i ts 
modified der ivat ives was determined from the time of fall 
of protein solution of known concentration and the time of 
fall of solvent by employing equation 5, v iz . 
" red = I - ^°- (l-V2po)/e:) t o X C ^ vu V 
Where t is the time Qf.fall of a protein solution 
of concentration C, to is the time of fall of solvent 
(0.06 M sodium phosphate buffer, pH 7.0) , V is the 
pa r t i a l specific volume, Po is the density of the solvent 
and was found to be 1.0035 g/ml. The values of reduced 
viscosity of nat ive and modified albumins were calculated 
at different protein concentrations in the range of 
2-10 mg/ml, by employing equation 5. The reduced 
viscosity shows very small dependence upon protein 
concentration. A plot of reduced viscosity agains t 
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Fig . 17. Plots of reduced viscosity agains t protein concentration. 
The s t ra ight l ines were drawn by the method of least 
squares ana lys i s . The various numbers refer to: 
(1), 96% act-BSA; (2), 64% act-BSA; (3), 91% cbl-BSA; 
(4) , 66% cbl-BSA; (5), Native BSA; and (6) , 93% gdn-BSA. 
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the value of reduced viscosity at zero protein 
concentration is called in t r ins ic viscosity and is obtained 
by extrapolat ion of l inear plots between reduced viscosity 
and protein concentration to zero protein concentration. 
The s t ra igh t l ines were drawn by the method of least 
squares ana lys i s . The values of the in t r ins ic viscosity of 
native and modified albumins are given in Table X. The 
in t r ins ic viscosity of native BSA was found to be 
3.54 ml/g, which is well within the range of 3-4 ml/g 
charac ter i s t ic of globular proteins (Tanford, 1968). 
Earl ier workers have reported a value of 3.9 ± 0.2 ml/g 
for BSA (Kuntz and Kauzman, 1974). However, these 
workers have used BSA prepara t ions which were not 
homogeneous but contained aggregated forms as well. 
These aggregated forms might be responsible for the 
higher va lue . From the values of in t r ins ic viscosity 
(Table X), i t is clear that carbamylation and acetylation 
of lysine residues of BSA does induce some asymmetry in 
the molecule, which increases with increase in the extent 
of modification. The conformational changes produced as 
a resul t of modification were more pronounced for 
acetylated der ivat ives , being maximum for 96% acetylated 
albumin. The in t r ins ic viscosity of guanidinated 
derivat ives of BSA was within experimental error equal to 
TABLE - X 
VISCOSITY DATA FOR BSA AND ITS MODIFIED DERIVATIVES 
IN 0.06 M SODIUM PHOSPHATE BUFFER, pH 7.0,AT 25°C 
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that of nat ive BSA. This result agrees with the gel 
fi l tration resul ts and conclusively shows that BSA does not 
undergo any conformational change upon guanidinat ion of 
i ts lysine res idues . 
According to Tanford (1961) the in t r ins ic 
viscosity of a protein depends both on i t s hydrat ion and 
over a l l conformation. Thus 
[r^] = "^ (Vi + ST mi Vi) (27) 
where <^  is the Simha factor or viscosity increment, mi is 
the weight of the ith component of the solvent with a 
pa r t i a l specific volume Vi bound to one gram of dry 
protein. It is reasonable to assume that water is the 
only component to bind to BSA from sodium phosphate 
buffer whose binding will have a significant effect 
upon the hydrodynamic volume of the protein. Hence 
the factorZmiVi can be replaced by m HO i . e . the 
amount of water bound to one gram of protein. The 
value of pa r t i a l specific volume for water is unity and 
m H„0 is taken to be 0.336 gram per gram of BSA (Kuntz 
and Kauzman, 1974). Same value was taken for modified 
derivat ives of BSA as well. The values of the viscosity 
increment for modified BSA prepara t ions are given in 
Table X. 
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The equivalent hydrodynamic r a d i u s , Re was 
calculated by employing the following relat ionship 
3 3M[n] (Re)-^ = ^ (28) 
IOTTN 
Where M is the molecular weight of the protein, [rj^ ] is i ts 
in t r ins ic viscosity and N is Avagadro 's number 
23 (6.023 X 10 per mole). The values for the 
hydrodynamic rad ius thus calculated for nat ive and 
modified albumins are given in Table X. 
From the hydrodynamic proper t ies , it is clear 
that acetylation and carbamylation induce significant 
conformational changes in BSA molecule " whereas 
guanidinat ion does not have any significant effect upon 
the conformation of this protein. However, even 96% 
acetylated albumin does not behave like a cross linked 
random coil protein as obtained in 9 M urea or 6 M 
guanidine hydrochloride {i\ = 16.6 ml/g in 9 M urea , 
Tanford, 1968). 
Immunological studies 
The immunological cross-react ivi ty of BSA and its 
modified derivat ives agains t anti-BSA antiserum was 
studied by immunodiffusion and Immunoelectrophoresis. 
: 109 
(a) Immunodiffusion: 
The results of Ouchterlony double 
immunodiffusion of nat ive and modified albumins against 
anti-BSA antiserum are depicted in F ig . 18. All the 
modified albumins except 95% acetylated albumin produced 
strong precipi t in arcs which completely fused with the 
arcs obtained with nat ive BSA. The precipi t in arc 
obtained with 96% acetylated albumin was very weak and 
did not fuse with the arc obtained with nat ive BSA but 
led to spur formation. It may be pointed out that 96% 
acetylated albumin undergoes greater conformational 
change than any other modified derivat ive and hence spur 
formation in this preparat ion may be due to loss of some 
antigenic determinants because of conformational changes 
in the protein. The fact that 96% acetylated albumin 
gives precipi t in arcs at al l is interest ing and suggests 
that even this preparat ion is not completely unfolded and 
re ta ins some res idual native s t ruc ture . 
(b) Immunoelectrophoresis: 
The resul ts of Immunoelectrophoresis are shown 
in Fig . 19. The different antigenic prepara t ions show an 
anodic mobility which is similar to that observed on 
F i g . 18. Ouchter lony double immunodiffusion p a t t e r n s of n a t i v e and 
modified a l b u m i n s . 25 |al of anti-BSA an t i s e rum was 
p l a c e d in the c e n t r a l well a n d the p e r i p h e r a l wel ls were 
f i l led wi th same amount of a n t i g e n . The v a r i o u s numbers 
re fe r t o : (1) Nat ive BSA; (2) 64% act-BSA; 
(3) 96% act-BSA; (4) 66% cbl-BSA; (5) 91% cbl-BSA; 
(6) 62% gdn-BSA; (7) 88% gdn-BSA; and (8) 93% gdn-BSA. 
110 

Fig . 19. Immunoelectrophoretic pat terns of nat ive and modified 
albumins. About 15 ^1 of antigen was placed in each of 
the wells . The electrophoresis was performed in sodium 
ba rb i t a l buffer, pH 8.6. A current of 3-4 mA per slide 
was applied for two and a half hours . After 
electrophoresis about 100 ul of anti-BSA antiserum was 
placed in the central channel . The slides were then 
developed for 3 hours at 37°C and for 24 hours at 4°C. 
The various numbers have the same significance as in 
Fig . 18. 
: 111 : 
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polyacrylamide gels . A strong precipi t in arc was 
obtained for a l l prepara t ions except 96% acetylated BSA 
which produced a very weak precipi t in l ine . A single 
precipi t in arc in immunoelectrophoresis is indicat ive of 
fair ly uniform modification of lysine residues with l i t t le 
or no heterogeneity. 
9. Proteolytic digestion 
The susceptibi l i ty of nat ive and modified 
albumins to t rypsin and chymotrypsin was used as a 
conformational probe. The time course of t rypt ic cleavage 
of nat ive and modified albumins is shown in P^ig. 20. 
The progress of t rypt ic hydrolysis was evaluated in terms 
of ra te constants and effective ra te constant . The ra te 
constants were determined by least squares ana lys is of 
the in i t i a l l inear portion' of the curves shown in Fig." iO.-
The value -of the slope gave the value of ra te constant. 
The effective ra te constant was calculated by dividing the 
ra te constant by the number of susceptible peptide bonds. 
Trypsin cleaves only those peptide bonds whose carbonyl 
groups are contributed by arginine or lysine res idues , 
provided the following residue is not prol ine . The values 
of ra te constant and effective ra te constant of nat ive and 
modified albumins for t rypt ic hydrolysis are given in 
Table XI. 
30 60 90 120 150 180 
Tim e in minut es 
F i g . 20. Kinet ics of 
a l b u m i n s . 
Nat ive BSA 
62% gdn-BSA 
93% gdn-BSA ( 7 ) . 
t r y p t i c h y d r o l y s i s of n a t i v e a n d modified 
The di f ferent p r o t e i n p r e p a r a t i o n s a r e : 
( 1 ) ; 64% act-BSA (2 ) ; 66% cbl-BSA ( 3 ) ; 
( 4 ) ; 96% act-BSA ( 5 ) ; 91% cbl-BSA (6 ) ; a n d 
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TABLE - XI 
KINETIC PARAMETERS FOR TRYPTIC AND CHYMOTRYPTIC HYDROLYSIS 
OF NATIVE AND MODIFIED ALBUMINS 
Pro t e in s T r y p t i c h y d r o l y s i s 
K* Ke** 
Chymot rypt i c hyd r o l y s i s 
K* Ke** 


















* K = Rate c o n s t a n t ((0.D u n i t s min"-'-) 
**Ke = Effective r a t e cons t an t (O.D u n i t s min"-'-) 
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The progress of chymotryptic hydrolysis of 
nat ive and modified albumins is graphica l ly shown in 
Fig. 21. The values for ra te constant and effective rate 
constant were determined in the same manner as described 
above for t rypt ic cleavage, and are given in Table XI. 
Chymotrypsin a t tacks only those peptide bonds whose 
carbonyl function is contributed by aromatic amino acid 
res idues . Thus modification of lysine residues will not 
have any direct influence upon peptide bonds susceptible 
to chymotryptic a t tack . The increase in the ra te constant 
upon acetylation and carbamylation thus reflects 
chemical modification induced unfolding of BSA. No 
change in the ra te constant is observed upon 
guanidinat ion of lysine res idues . Tryptic ra te constants 
on the other hand reflect a compromise between chemical 
modification induced unfolding which makes more peptide 
bonds accessible to t rypt ic a t tack, j and chemical 
modification of lysine residues which renders lysine 
peptide bonds refractory to t rypt ic a t tack . Taken 
together, the results of t rypt ic and chymotryptic digestion 
suggest that acetylation and carbamylation induce some 
conformational disorganization in BSA whereas guanidinat ion 
appears to have no effect upon the conformation of the protein. 
These resul ts are in conformity with hydrodynamic 
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160 
F i g . 2 1 . Kinet ics of chymot ryp t i c h y d r o l y s i s of n a t i v e and modified 
a l b u m i n s . The di f ferent p r o t e i n p r e p a r a t i o n s a r e : 
96% act-BSA (1 ) ; 64% act-BSA ( 2 ) ; 91% cbl-BSA (3 ) ; 
66% cbl-BSA (4 ) ; Nat ive BSA (5) and 93% gdn-BSA ( 6 ) . 
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10. Urea denaturat ion studies 
The urea induced denaturat ion of nat ive BSA 
and i ts modified derivat ives was studied in the range of 
0.5 to 9 M u rea , and the t ransi t ion from nat ive to the 
unfolded form was analysed to quant i ta t ively monitor the 
effect of chemical modification on the s tabi l i ty of BSA. 
The difference spectra of native and modified 
albumins in 9 M urea agains t their respective proteins in 
0.06 M sodium phosphate buffer, pH 7.0 are shown in 
Fig. 22. The difference spectrum of native BSA shows a 
deep trough at 288 nm and a shoulder at 281 nm, 
indicat ive of the significant a l terat ions in the 
environment of tyrosine residues of BSA. These features 
reveal that the protein chromophores are extensively 
exposed in urea denatured BSA. The absence of any 
trough in the wavelength range of 290-292 nm may be due 
to the pa r t i a l ly exposed nature of t ryptophan residues in 
the native protein (Herskovits and Laskowski, 1962). 
Fig . 22 also i l lus t ra tes the difference spectra of urea 
denatured forms of modified albumins agains t their 
respective proteins in 0.06 M sodium phosphate buffer, 
pH 7.0. The pa t te rn is similar to that observed for 
nat ive BSA with the only difference that the intensi ty of 
250 270 290 310 330 
Wav e I ength , nm 
Fig . 22.Urea induced UV difference spectra of native and modified 
albumins. The difference spectra were obtained manually by-
subtract ing the spectra of protein in 0.06 M sodium 
phosphate buffer, pH 7.0 from the spectra of proteins in 9 M 
Urea. The various protein prepara t ions a r e : Native BSA ( ) ; 
66% cbl-BSA ( •); 91% cbl-BSA ( ) ; 93% gdn-BSA ( ) ; 
a n d 96% act-BSA ( ) . 
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the trough decreased for modified der ivat ives as compared 
to unmodified BSA. This can be at t r ibuted to the pa r t i a l 
exposure of tyrosine residues in modified albumins. These 
resul ts are generally in conformity with the hydrodynamic 
properties measured by gel f i l trat ion and viscosity 
techniques. 
From the difference spectra of nat ive and 
modified albumins (Fig. 22), it is clear that the change 
in absorbance is maximum at 288 nm. The change in 
absorbance at 288 nm (AO.D„--) was the parameter used to 
Zoo 
follow the t ransi t ion from folded to the unfolded s ta te . 
The change in absorbance was converted to the change in 
1 0 / 
specific extinction coefficient (AE ° ) and plotted as a 
function of urea concentration to represent the t ransi t ion 
curves (Fig. 23). The l inear increase observed at low 
urea concentrations is due to the perturbat ion of exposed 
tyrosine residues by urea in the pre- t rans i t ion zone. 
Between the urea concentration of 2-8 M, the actual 
unfolding of the protein molecule as detected by decrease 
in specific extinction coefficient at 288 nm takes place. 
Above 8 M urea no further absorbance change at 288 nm 
takes place indicat ing the occurrence of urea denatured 
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Fig . 23. Urea induced transi t ion curves of BSA and i ts modified 
der iva t ives . Protein concentration was 1.5 to 2.0 mg/ml 
and the change in absorbance was converted to the change 
in specific extinction coefficient. A, B, C and D represent: 
A: Native BSA 
B: 66% cbl-BSA (1) and 91% cbl-BSA (2) 
C: 64% act-BSA (1) and 96% act-BSA (2) 
D: 62% gdn-BSA (1) and 93% gdn-BSA (2) 
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Analysis of denaturat ion curves: 
Many globular proteins have been found to 
approach a two state mechanism 
N . ^ D 
in which case only the native state (N) and the denatured 
s tate (D) are present at significant concentrations in the 
t ransi t ion region. From the denaturat ion curves in 
Fig. 23, i t appears tha t except for 96% acetylated 
albumin. no stable intermediates exist in the t rans i t ion 
region. However, the curves are not steep enough to rule 
out the existence of intermediates. I t is thus assumed 
that there i s some intermediate stage in the folding 
pathway which is not stable enough to exist in high 
enough concentration to be detected by the technique of 
UV - difference spectroscopy. Similar resul ts have been 
reported by Wallevik (1973) for human serum albumin. 
Recently Khan et_ a l . , (1987) have reported the existence 
of an intermediate in the unfolding of BSA. 
Because of this confusion and lack of 
unequivocal evidence for the two state mechanism, it will 
be worthwhile to use a two state approximation as has 
been done for other protein denaturat ions (Pace, 1975) to 
: 122 : 
obtain semiquantitative information on urea induced transi t ion 
of BSA and its modified der ivat ives . According to 
Pace (1975; 1986), the estimates of the free energy of 
folding derived from two state analysis of a system with 
stable intermediates can give the lower limits for the true 
value of free energy of folding. Further , the aim of the 
present study is to compare the s tabi l i ty of BSA with its 
modified der ivat ives , so analysis by a two state 
mechanism will not influence the final resu l t s . For a two 
state mechanism, the equilibrium constant, KD between 
native and denatured states at some concentration of urea 
was calculated by employing equation 9. The free energy 
of folding at each point in the t ransi t ion zone was 
calculated by employing equation 11. 
Estimation of the conformational s tab i l i ty : 
Two methods were used to estimate the 
conformational s tabi l i ty of BSA and its modified 
der ivat ives . 
(a) Linear extrapolation: 
This is the simplest method for estimating the 
conformational s tabi l i ty of proteins, and in this method it 
is assumed that l inear dependence of free energy of 
: 123 : 
folding on denaturant concentration in the t ransi t ion zone 
continues to zero concentration of the denaturant 
(Pace, 1975; 1986). Thus, following equation 1 2 , A G D was 
plotted agains t urea concentration. The s t ra igh t lines 
were drawn by the method of least squares , and are 
shown in F ig . 24. The slopes of these s t ra igh t l ines 
measure the dependence of GD on denaturant 
concentration. The intercept of these plots on Y-axis 
H n gave the value of free energy of s tabi l izat ion (AGB 2 ) . 
Another useful parameter was the denaturant concentration 
i 
at mid point of the t ransi t ion (D^). The values of 
HO ^ • ' • - . 
AGD 2 , m and D"* for native and modified albumins are 
given in Table XII. A value of 2.54 Kcal/mole for BSA 
appears to be small, as higher values have been reported 
for various globular proteins (Green and Pace, 1974; Pace 
1975; Yutani £t aJ^., 1979; Ahmed and Bigelow, 1982). 
However, lower values for free energy of s tabi l izat ion 
have also been reported for some proteins: 3.6 Kcal/mole 
for ribonuclease T (Pace, 1986); 4.4 Kcal/mole for 
«i-lactalbumin (Ahmed and Bigelow, 1982). Further , l inear 
extrapolat ion i s believed to give the lowest values of 
^GD^2° (Pace, 1986). From the values of ^GD^2° as 
given in Table XII it is clear that unmodified BSA is 
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Urea cone e n t r a tio n ( M ) 
F i g . 24 . Determinat ion of free e n e r g y of s t a b i l i z a t i o n by l i n e a r 
e x t r a p o l a t i o n method. The s t r a i g h t l i n e s were d r a w n by 
the method of l e a s t s q u a r e s a n a l y s i s . A, B, C, D a n d E 
re fe r t o : 
A: Nat ive BSA 
B: 65% cbl-BSA 
C: 91% cbl-BSA 
D: 64% act-BSA (1) and 96% act-BSA (2) 































































































































































































































































however, guanidinat ion appears to induce s tabi l i ty in the 
protein molecule. Under nat ive conditions, BSA is 
330, 730, 530 and 980 cal/mole more stable than 
66% cbl-BSA, 91% cbl-BSA, 64% act-BSA and 96% act-BSA 
respect ively. 62% and 93% guanidinated albumins a r e , 
however, 53 and 180 cal/mole more s table than unmodified 
BSA respect ively. 
A more precise and re l iable method for 
estimating the difference in conformational s tabi l i ty is to 
calculate the difference between mid points of the 
t ransi t ion and multiply it by m values (Pace and 
Grimsley, 1988). Thus, at mid point of t rans i t ion , BSA is 
95 + 10, 200 + 30, 190 + 15 and 630 + 60 cal/mole more 
s table than 66% cbl-BSA, 91% cbl-BSA, 64% act-BSA and 
96% act-BSA respectively. However, 62 and 93% 
guanidinated derivat ives of BSA are 120 + 05 and 
360 + 20 cal/mole more s table than that of nat ive BSA 
respect ively. 
(b) Denaturant binding model: 
In th is method for the estimation of free 
energy of stabilization, it is assumed tha t unfolding 
resul ts because there are greater number of ident ica l , 
non in teract ing binding sites for denaturant molecules on the 
127 : 
unfolded conformation than on the globular conformation. 
The denaturat ion data from Fig. 23 were thus analysed by 
employing equation 13 which is based on the above 
assumption. By using a value of 0,1 for K (Pace, 1986), 
a graph was plotted with A GD on i ts ordinate and 
RT l n ( l + Ka) on i ts absc issa . The s t ra ight l ines were 
drawn by the method of least squares and are shown in 
Fig. 25. The slope of these s t ra ight l ines gave the value 
of A n , that i s , the difference in the number of binding 
sites between unfolded and folded protein conformation, 
and the intercept on Y-axis gave the value of-AcD 2 . 
The values are summarized in Table XII. 
11. Bilirubin - albumin interaction 
Visible difference absorption spectroscopy and 
fluorescence quenching were the two techniques employed 
to study the interact ion of b i l i rubin with BSA and i ts 
modified forms. 
(a) Visible difference absorption spectroscopy: 
The aqueous solution of b i l i rubin near pH 8.0 
gave a visible absorption spectrum having a maximum at 
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Fig. 25. Determination of free energy of s tabi l izat ion by denaturant 
binding model. The let ters A, B, C, D and E have the 
same significance as in Fig . 24. 
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caused a red shift of about 25 nm (Fig. 26). This red 
shift is character is t ic of the interaction of b i l i rubin with 
albumin and has been observed by several workers 
(Sogami and Ogura, 1973; Brodersen, 1979; Tayyab and 
Qasim, 1987). The absorption spectra were recorded at 
four different ra t ios of bi l i rubin to albumin in the range 
of 0.5 to 2.0, keeping the protein concentration constant. 
For each spectrum the absorption of free b i l i rubin solution 
was recorded separa te ly , keeping the concentration of 
b i l i rubin ident ical to that present in the corresponding 
bi l i rubin-albumin complex. The difference spectra were 
generated manually by subtract ing the absorption spectrum 
of b i l i rubin from that of i ts complex to BSA. The 
difference spectra were obtained in this manner for native 
and modified albumins at b i l i rubin to protein rat ios in 
the range of 0.5 to 2.0 (Fig. 27 - F ig . 30). The 
difference spectral peak occurs at 480 nm. The change in 
absorbance at 480 nm (£!iO.D480 nm) was used in analyzing 
the binding of b i l i rubin to albumin and i t s modified 
forms. Fig . 31 shows the difference spectra of bilirubin— 
BSA (native and modified)complex agains t free bi l i rubin at 
a b i l i rubin to protein ra t io of 1.0. The data were 
expressed in terms of percent b inding, taking the binding 
of native BSA to be 100% and are summarized in Table XIII . 
400 450 500 550 
Wave Iengt h , nm 
Fig . 26. Visible absorption spectra of b i l i rubin (1) and 
bilirubin-BSA complex (2) obtained in tris-HCl buffer, pH 8.0 
ionic strength 0.15. The concentration of bi l i rubin was 
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Fig . 27. Visible difference absorption spectra of bilirubin-BSA 
complex against free bi l i rubin obtained in tris-HCl buffer, 
pH 8.0, ionic strength 0.15 at b i l i rubin to albumin rat ios of 
0.7 (1), 1.2 (2) , 1.58 (3) and 2.15 (4) . Protein 
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Fig . 31 . Visible difference absroption spectra of BSA (native and 
modified) - b i l i rubin complex agains t free bul i rubin obtained 
in tris-HCl buffer, pH 8.0, ionic s trength 0.15 at a b i l i rubin 
to protein rat io of 1.0. The protein concentration was 
1 mg/ml. The various protein prepatat ions a re : 
Native BSA (1); 62% gdn-BSA (2); 66% cbl-BSA (3); 
64% act-BSA (4); 91% cbl-BSA (5) and 96% act-BSA (6) . 
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TABLE - XI I I 
INTERACTION OF NATIVE AND MODIFIED ALBUMINS WITH 
BILIRUBIN, AS STUDIED BY VISIBLE DIFFERENCE ABSORPTION 
SPECTROSCOPY AT BILIRUBIN TO ALBUMIN RATIO OF 1.0 
P r o t e i n s ( A 0 . D ) 4 8 0 nm % b i n d i n g * 
BSA 0.396 100 
64% act-BSA 0.211 53.3 
96% act-BSA 0.040 10.0 
66% cbl-BSA 0.328 82.0 
91% cbl-BSA 0.144 36.4 
62% gdn-BSA 0.347 87.6 
88% gdn-BSA 0.326 82.3 
93% gdn-BSA 0.328 82.6 
* Ca l cu l a t ed from the c h a n g e in a b s o r b a n c e a t 480 nm 
which was t a k e n to r e p r e s e n t 100% b i n d i n g for BSA. 
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(b) Fluorescence quenching: 
The interact ion of b i l i rubin with albumin 
quenches the fluorescence of albumin (Berde et_ a l . ,1979). 
This property has been effectively used to measure the 
affinity constant for the interaction of b i l i rubin with 
albumin (Levine, 1977). The fluorescence quench 
t i t ra t ions of nat ive and modified albumins were performed 
in tris-HCl buffer, pH 8.0, ionic strength 0.15 by adding 
increasing amounts of b i l i rubin solution to a protein 
solution placed in a cuvette. The t i t ra t ion was performed 
at b i l i rubin/a lbumin molar ra t io in the range of 0 to 2.0. 
After each addition of b i l i rubin solution to protein 
solution, the emission spectrum was scanned from 
300 to 400 nm using an excitation wavelength of 280 nm. 
The fluorescence emission spectra of BSA at var ious 
bi l i rubin/a lbumin rat ios are shown in Fig . 32. Similarly, 
the fluorescence t i t ra t ion curves for var ious modified 
albumins were obtained. The figures have been omitted 
for brevi ty . The fluorescence intensi ty at 340 nm was 
used to analyse the fluorescence quenching d a t a . The 
re la t ive fluorescence was calculated by taking the 
fluorescence of b i l i rubin free protein to be 100. The 
re la t ive fluorescence thus calculated was plotted as a 
Fig. 32. Fluorescence emission spectra of BSA at different 
bi l i rubin/a lbumin ra t ios , recorded at an excitation 
wavelength of 282 nm. The spectra from top to bottom were 
obtained at bi l i rubin/albumin ra t ios of 0, 0.08, 0.16, 0.24, 
0.32, 0.40, 0.48, 0.55, 0.63, 0.71, 0.79, 0.87, 0.95, 1.03, 
1.11, 1.19, 1.27, 1.43, 1.59, 1.74 and 1.98. The t i t ra t ion 
was performed in tris-HCl buffer, pH 8.0, ionic strength 0.15 
at 25°C with increasing concentration of b i l i rubin , keeping 
protein concentration constant at 6.56 u mole/li t . 
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Fig. 33. (A) Fluorescence quench t i t ra t ion of BSA with increasing amounts 
of b i l i rubin obtained in tris-HCl buffer, pH 8.0, ionic 
s trength 0.15. The protein concentration was 7.5ji mole/lit , 
and bi l i rubin/albumin rat io was in the range of 0 - 2.0. 
Relative fluorescence was calculated by taking fluorescence of 
b i l i rubin free protein to be 100. The fluorescence was 
recorded at an emission wavelength of 340 nm after excitation 
at 282 nm. 
(B) Scatchard plot for interaction of b i l i rubin with BSA. The 
plot was obtained by treatment of the t i t ra t ion data (A) 
according toi equation 17. The s t ra ight line was drawn 
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Fig. 34 (A) Fluorescence quench t i t ra t ion of 64% act-BSA with increasing 
amounts of b i l i rub in . The protein concentration was 
7.5 Y mole/ l i t . , and bi l i rubin to protein rat io was in the 
range of 0-2.0. Relative fluorescence was calculated by 
taking the fluorescence of b i l i rubin free protein to be 100. 
Other experimental conditions were same as described in legend 
to F ig . 33 (A). 
(B) Scatchard plot for the interaction of 64% act-BSA with 
b i l i rub in . The plot was obtained by treatment of the 
t i t ra t ion data (A) according to equation 17. Straight l ine 
was drawn by the method of least squares ana lys i s . 
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Fig. 35 (A) Fluorescence quench t i t ra t ion of 96% act-BSA with increasing 
concentration of b i l i rub in . The protein concentration was 
7.5 p mole/lit , and bi l i rubin to protein rat io was in the 
range 0-2.0. The relat ive fluorescence was calculated by-
tak ing the fluorescence of b i l i rubin free protein to be 100. 
Other experimental conditions were the same as described in 
legend to F ig . 33 (A). 
(B) Scatchard plot for the interaction of 96% act-BSA with 
b i l i rub in . The plot was obtained by treatment of the 
t i t ra t ion data (A) according to equation 17. Straight line 
was drawn by the method of least squares ana lys i s . 
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Fig. 36 (A) Fluorescence quench t i t ra t ion of 66% cbl-BSA with increasing 
concentrations of b i l i rub in . The protein concentration was 
7.5 u mole/lit and b i l i rubin /prote in ra t io was in the range 
0-2.0. The relat ive fluorescence was calculated by taking the 
fluorescence of b i l i rubin free protein to be 100. Other 
experimental conditions were the same as described in legend 
to F ig . 33 (A). 
(B) Scatchard plot for the interact ion of 66% cbl-BSA with 
b i l i rub in . The plot was obtained by treatment of the 
t i t ra t ion data (A) equation 17. The s t ra ight line was drawn 
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Fig . 37 (A) Fluorescence quench t i t ra t ion of 91% cbl-BSA with increasing 
concentrations of b i l i rub in . The protein concentration was 
7.6 jj mole/lit and bi l i rubin to protein ra t io was in the range 
0-2.0. The relat ive fluorescence was calculated by taking the 
fluorescence of b i l i rubin free protein to be 100. Other 
experimental conditions were the same as described in legend 
to Fig . 33 (A). 
(B) Scatchard plot for the interaction of 91% cbl-BSA with 
b i l i rub in . The plot was obtained by treatment of the t i t ra t ion 
data (A) according to equation 17. Straight line was drawn 
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Fig . 38. (A) Fluorescence quench t i t ra t ion of 62% gdn-BSA with increasing 
concentrations of b i l i rub in . The protein concentration was 
7.4 p mole/lit and bi l i rubin to protein ra t io was in the 
range 0-2.0. The relat ive fluorescence was calculated by-
taking the fluorescence of b i l i rubin free protein to be 100. 
Other experimental conditions were same as described in 
legend to Fig. 33 (A). 
(B) Scatchard plot for the interaction of 62% gdn-BSA with 
b i l i rub in . The plot was obtained by treatment of the 
t i t ra t ion data (A) according to equation 17. Straight l ine 
was drawn by the method of least squares ana lys i s . 
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Fig. 39. (A) Fluorescence quench t i t ra t ion of 88% gdn-BSA with increasing 
concentrations of bul i rubin . The protein concentration was 
7.6 p mole/lit and bi l i rubin to protein rat io was in the 
range 0-2.0. The re la t ive fluorescence was calculated by 
taking, the fluorescence of b i l i rubin free protein to be 100. 
Other experimental conditions were same as described in 
legend to F ig . 33 (A). 
(B) Scatchard plot for the interaction of 88%gdn-BSA with 
b i l i rub in . The plot was obtained by treatment of the 
t i t ra t ion data (A) according to equation 17. Straight l ine 
was drawn by the method of least squares ana lys i s . 
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Fig. 40. (A) Fluorescence quench t i t ra t ion of 93% gdn-BSA with increasing 
concentrations of b i l i rub in . The protein concentration was 
7.6 |a mole/lit and bi l i rubin to protein rat io was in the 
range 0-2.0. The relat ive fluorescence was calculated by 
taking the fluorescence of b i l i rubin free protein to be 100. 
Other experimental conditions were the same as described in 
legend to F ig . 33 (A). 
(B) Scatchard plot for intract ion of 93% gdn-BSA with b i l i rub in . 
The plot was obtained by treatment of the t i t ra t ion data (A) 
according to equation 17. Straight l ine was drawn by the 
method of least squares , ana ly s i s . 
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function of b i l i rubin to albumin r a t io . The fluorescence 
quench curves for a l l modified BSA der ivat ives were 
obtained in the same manner. The quench curves are 
graphical ly shown in F igs . 33-40 (A) with molar ra t io of 
b i l i rubin to albumin on the abscissa and the re la t ive 
fluorescence on the ordinate . 
The fluorescence quench t i t ra t ion da ta were 
analyzed for determination of binding affinity and 
capacity by ut i l iz ing equation 17, (Levine, 1977). The 
Scatchard plots of Q agains t Q/[B] for nat ive and 
modified albumins are shown in F igs . 33-40 (B), with Q 
on the abscissa and Q/[B] on the ordinate . Straight 
lines were drawn by the method of least squares . The 
slopes of these s t ra ight lines gave the value of affinity 
constants , and the intercept on X-axis gave the capaci ty . 
The values for affinity constant and capacity are 
summarized in Table XIV. Affinity constant of BSA was 
7 found to be 1-27 x 10 lit/mole which is in close 
agreement with the reported value (Reed and Peters , 1978) 
All the modified albumins had lower affinity constants 
than native albumin. However, even 96% acetylated 
albumin showed fair ly high affinity constant . 
TABLE-XIV 
BINDING PARAMETERS FOR INTERACTION OF BILIRUBIN WITH 
NATIVE AND MODIFIED ALBUMINS AS DETERMINED BY 
FLUORESCENCE QUENCHING 




























D I S C U S S I O N 
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Chemical modification of proteins has been 
extensively used in studying different aspects of protein 
s t ructure and function. Modification of the constituent 
amino acid side chains of a protein has been used by 
different workers to invest igate their role in maintenance 
of three dimensional s t ructure of proteins (Habeeb, 1971; 
Shiao et a l . ,1972) , in l igand binding (Brodersen _et^  a l . , 
1977), in sequence analys is (Delange et_ a l . , 1969), in 
sensing buried and exposed groups (Glazer, 1976; Tayyab 
and Qasim, 1986), and in the biological function of 
proteins (Shaw, 1970; Kaiser _et _al., 1985). The 
successful application of chemical modification to protein 
s t ructure and function, among others, requires high 
degree of specificity of chemical modification. 
The choice of amino groups of BSA as 
modification site in this study was based on several 
considerat ions. The most important of these being their 
projected role in b i l i rubin binding and the fact that a 
var ie ty of highly specific modifying reagents are 
ava i lab le for this side chain . 
AH the three modifications attempted in this 
study namely acetylat ion, carbamylation and guanidinat ion 
are fair ly specific for amino groups of proteins under the 
experimental conditions used in this study (Chervenka and 
Wilcox, 1956; Uraki et a l . , 1958; Geschwind and Li, 1957; 
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Hettinger and Harbury, 1964; Smyth, 1967; Banks and 
Shafer, 1970; Riordan and Vallee, 1972 a ) . The attack on 
other side chains is either very slow (Banks and Shafer, 
1970) or can be reversed under mild experimental 
conditions (Fraenkel-Conrat, 1959; Stark et al_'» 1960; 
Stark, 1965; 1972; Smyth, 1967; Rimon and Perlman, 1968; 
Riordan and Vallee, 1972 b ) . The homogeneity of chemical 
modification was evident from gel f i l t rat ion and 
polyacrylamide gel electrophoretic resul ts (see Figs.8 and 
14). The occurrence of a single symmetrical peak on 
Sephacryl S-300 column chromatography and a sharp 
single band on PAGE indicated that modified proteins were 
homogeneous both on the basis of size and charge . The 
re la t ive mobilities of different modified prepara t ions on 
polyacrylamide gel electrophoresis were different from each 
other and from nat ive albumin. This is unders tandable 
since during chemical modification either the positive 
charge on amino group is retained (guanidinat ion) or is 
replaced by a group which has no charge (acetylation 
and carbamylat ion) . On this bas i s 96% acetylated BSA 
will have maximum negative charge at pH 8.2 (the pH of 
the PAGE experiment) followed by 91% carbamylated, 66% 
carbamylated and 64% acetylated" albumins, and finally the 
two guanidinated albumins will have the same charge as 
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native albumin. However, as can be seen from the 
resul ts (see Table IV), the re la t ive mobilities a re not 
exactly in accord with charge on the protein. The 
notable exceptions are 96% acetylated and 91% 
carbamylated albumins. The lower than 
expected electrophoretic mobility in these prepara t ions is 
probably due to changes in their Stokes r a d i i . This is not 
surpr is ing since albumins undergo changes in Stokes 
rad ius to vary ing extents . The important conclusion 
drawn from polyacrylamide gel electrophoretic resul ts is 
that modified preparat ions were homogeneous with respect 
to modification. Admittedly, minor heterogeneity is hard to 
detect by PAGE experiment and for the purpose of this 
study, I am ignoring that heterogeneity, if tha t exists at 
a l l . 
Gel f i l t rat ion and in t r ins ic viscosity resul ts 
provided a convincing evidence for conformational changes 
in some of the modified prepara t ions . Decrease in elution 
volume of a protein may result either from an increase in 
molecular weight or an increase in Stokes r a d i u s . 
Chemical modification of a protein increases i ts molecular 
weight to an extent depending upon the size of the 
modifying group. The increase in molecular weight in 96% 
acetylated, 91% carbamylated and 93% guanidinated 
albumins would be 5916, 2420, and 2744 daltons 
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respectively. A theoretical calculation based on s tandard 
proteins used for s tandardiz ing gel f i l t rat ion column (See 
Table VII and Fig . 13) shows that th is increase in 
molecular weight would have pract ica l ly no effect on the 
elution volume of the protein. Thus, it appears 
appropr ia te to assume that decrease in elution volume 
(See Table VII and Fig . 13) is solely due to increase in 
Stokes r a d i u s . It can be seen from gel f i l t rat ion resul ts 
that guanidinated albumins do show a sl ight increase in 
elution volume which would in essence mean a decrease in 
Stokes r a d i u s . This is unusual in chemically modified 
proteins where usual ly no change or an increase in 
Stokes rad ius takes place. However, this is not 
unprecedented and at least a couple of examples are 
known (Habeeb, 1960; 1961) where guanidinat ion of 
protein produces a decrease in Stokes r a d i u s . On the 
other hand both acetylated and carbamylated albumins 
show increase in Stokes r a d i u s . 
In t r ins ic viscosity measurements which are a 
much more sensit ive measure of protein conformation fully 
agreed with gel f i l trat ion resul ts and showed an increase 
in in t r ins ic viscosity from 3.54 ml/g for the nat ive 
albumin to 5.9 ml/g for 96% acetylated albumin. The 
value of in t r ins ic viscosity for nat ive albumin is in good 
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agreement with the reported value of 3.7 ml/g (Tanford 
et a l . , 1957). Although both gel f i l t rat ion and in t r ins ic 
viscosity resul ts suggest significant conformational 
changes in both 96% acetylated and 91% carbamylated 
albumins, i t appears tha t these preparat ions s t i l l 
contain considerable amount of nat ive res idual s t ruc ture . 
This is evident from the fact that a cross-linked 
randomly coiled B5A in 9 M urea has an in t r ins ic 
viscosity of 16.6 ml/g (Tanford, 1967) compared -to 
5.92 ml/g and 4.40 ml/g obtained for maximally acetylated 
and carbamylated albumins respect ively. 
From the resul ts presented in th is thesis , it 
appears that guanidination produces no or very l i t t le 
changes in protein conformation. Similar observations 
have been made with other proteins (Klee and Richards, 
1957; Habeeb, 1961; 1966). The most important difference 
in guanidination on one hand and acetylation and 
carbamylation on the other hand is that whereas 
guanidinat ion preserves the positive charge of lysine 
res idues , the la t te r two modifications abolish the positive 
charge on the amino group at neut ra l pH and hence in 
effect increase the net negative charge of the protein by 
one unit for each lysine residue modified. In 96% acetylated 
BSA, 58 of the 60 amino groups (59 lysine+loc-amino) have been 
: 154 
modified and hence the net negative charge on this 
preparat ion would increase by a factor of 4. This would 
produce considerable increase in the electrostatic free 
energy of the protein molecule which could in principle 
be responsible for the conformational changes in the 
protein molecule. Another factor which in principle may 
contribute to the conformational changes is the increase 
in steric hindrance, since in chemical modification a 
proton is being replaced by an acetyl , a carbamyl or a 
guanidino group. However, the fact that guanidinated 
albumins do not undergo conformational changes suggests 
that contribution of steric hindrance towards 
conformational changes in the protein is probably very small . 
The techniques of UV-difference absorption 
spectroscopy, fluorescence spectroscopy, immunological 
cross-react ivi ty and proteolytic digestion provided 
addit ional support of the conclusions drawn from gel 
f i l trat ion and int r ins ic viscosity measurements. In 
principle UV-difference spectrum in a modified protein can 
ar ise either due to per turbat ion by the modification 
per se or by the conformational changes it produces. As 
can be seen from Fig. 10, difference spectral features 
were much more pronounced in those preparat ions which 
had undergone greater degree of conformational changes. 
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Thus it appears that increased tyrosyl exposure 
associated with conformational changes is the primary-
reason for the occurrence of difference spectrum in 
modified prote ins . Comparison of difference spectra of 
modified proteins with the one obtained in 9 M urea is 
in teres t ing , and clear differences in the magnitude of 
difference spectra of modified albumins and urea 
denatured BSA indicate that the extent of conformational 
changes in modified proteins is much smaller than in 
urea denatured protein. This, in other words would mean 
existence of significant amount of folded native 
s t ructure in modified albumins. This point is 
also c lear ly indicated by hydrodynamic propert ies of 
modified albumins as well as by immunological 
crdss-react ivi ty of various modified albumins agains t 
anti-BSA antiserum. The fact that even 96% acetylated 
and 91% carbamylated albumins, the two maximally 
disorganized proteins s t i l l give some immunological cross-
react ivi ty agains t anti-BSA antiserum strongly indicates tha t 
these two modified proteins alongwith other modified 
prepara t ions contain subs tan t ia l amount of nat ive protein 
s t ruc ture . The observed decrease in immunological 
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cross-react ivi ty may be due to conformational changes in 
the protein or due to lysine being a pa r t of antigenic 
determinant. However, the clear differences in 
immunological cross-react ivi ty of different modified 
albumins having similar extent of modification suggest 
non-involvement of lysine residues in antigen binding 
s i te . Further the loss in immunological act ivi ty seems to 
correlate well with increase in Stokes r a d i u s . 
The results on urea denaturat ion show that in 
addition to conformational changes, modified albumin 
prepara t ions undergo changes in s tab i l i ty to vary ing 
extents . Determination of free energy of s tabi l izat ion for 
a protein strongly depends upon the way the denaturat ion 
data i s t reated and hence is not free from ambiguit ies . 
However, in the present study the emphasis is not on 
actual s tabi l i t ies of modified albumins but r a the r on their 
s tabi l i t ies re la t ive to native BSA. At the present level of 
unders tanding of the denaturat ion process, it seems 
unlikely that a la rge multidomain protein molecule like 
BSA would s t r ic t ly follow a two state denaturat ion 
process. However, for simplicity and comparative 
purposes the denaturat ion data of BSA and its modified 
forms have been treatedbsassuming it to be a two state 
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p r o c e s s . From the v a l u e s of the free e n e r g y of 
s t a b i l i z a t i o n a s l i s t e d in Tab le XII i t i s c l e a r t h a t 
n a t i v e BSA i s more s t a b l e t h a n i t s a c e t y l a t e d and 
c a r b a m y l a t e d d e r i v a t i v e s , b u t r a t h e r s u r p r i s i n g l y 
g u a n i d i n a t i o n seems to i n c r e a s e the s t a b i l i t y of BSA. At 
mid po in t of t r a n s i t i o n ^ BSA was found to be 95, 200, 190 
and 630 ca l /mole more s t a b l e t h a n 66% c a r b a m y l a t e d , 
91% c a r b a m y l a t e d , 64% a c e t y l a t e d a n d 96% a c e t y l a t e d 
a l b u m i n s r e s p e c t i v e l y . However, 62% and 93% 
g u a n i d i n a t e d d e r i v a t i v e s of BSA were r e s p e c t i v e l y 120 a n d 
360 ca l /mole more s t a b l e t h a n n a t i v e BSA. 
Acety la t ion a n d c a r b a m y l a t i o n of the amino 
g r o u p s of BSA invo lve the r ep lacemen t of a p ro ton with 
an a c e t y l and a c a r b a m y l group r e s p e c t i v e l y . At n e u t r a l 
pH where l y s i n e i s p o s i t i v e l y c h a r g e d , bo th a c e t y l a s 
well a s c a r b a m y l g roups a r e u n c h a r g e d . There fore , 
i n c o r p o r a t i o n of each a c e t y l or a c a r b a m y l g roup wil l 
r e s u l t in an i n c r e a s e of the net n e g a t i v e c h a r g e by one 
u n i t for each l y s i n e r e s i d u e of BSA modif ied. The v a r i o u s 
a c e t y l a t e d and c a r b a m y l a t e d d e r i v a t i v e s of BSA wi l l t h u s c a r r y 
more n e g a t i v e c h a r g e or e l e c t r o s t a t i c free e n e r g y t h a n the 
n a t i v e p r o t e i n , a s i s a l so ev iden t from the r e l a t i v e 
anod i c mobi l i ty of n a t i v e and modified a l b u m i n s on 
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polyacrylamide ge l s . The conformational disorganisat ion 
of BSA induced by acetylation and carbamylation may thus 
be a t t r ibuted to electrostatic destabi l izat ion of nat ive 
protein conformation. Previously acetylation and 
succinylation induced conformational changes in BSA have 
been a t t r ibuted entirely to electrostatic destabil izat ion 
(Jonas and Weber, 1970; Chang and Sun, 1978). However, 
recently -• it has been suggested that the conformational 
disorganization of BSA induced by succinylation of its 
lysine residues is due to both electrostatic destabil izat ion 
and steric hindrance (Tayyab and Qasim, 1986). BSA 
contains 59 lysine res idues , of which only fifty percent 
are fully exposed and the rest are fully or pa r t i a l l y 
buried in the protein inter ior , involved in sal t bridge 
formation with negatively charged carboxyl groups 
(Habeeb, 1967; Tayyab and Qasim, 1986). The exposed 
lysine residues will have considerable freedom of motion, 
and the conformational changes resul t ing due to 
modification of these residues can be solely a t t r ibuted to 
electrostat ic destabi l izat ion. However, replacement of a 
hydrogen atom with a bulkier group like acetyl or 
carbamyl group in the protein inter ior may produce 
subs tant ia l s teric h indrance . Thus the conformational 
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disorganization induced by these modifications can not be 
solely due to electrostat ic destabi l izat ion, but steric 
hindrances and non-covalent interactions will also have 
subs tant ia l role . Fur ther , although both acetylation and 
carbamylation increase the net charge on the protein to 
the same extent, they differ in the na ture of the 
modifying groups — one of them ( i . e . acetyl) is hydrophobic 
while the other (carbamyl) i s hydrophi l ic . The 
hydrophilic nature of carbamyl group would make it 
possible for carbamylated lysines to make favourable 
interact ions with polar groups in the protein or with 
surrounding medium. These interact ions will be 
diminished or lacking with acetyl group on lys ine . Thus 
the small difference in the s tabi l i ty of carbamylated and 
acetylated albumins is unders tandable . In contrast to 
acetylation and carbamylation, in guanidination the 
positive charge on lysine is re ta ined. Thus there is 
expected to be no change in electrostatic free energy of 
the protein. However, unfavourable steric interact ions 
are possible. Thus a simple expectation would be that 
either there will be no change in the s tab i l i ty of 
guanidinated albumins (no unfavourable steric interact ions) 
or a small decrease in s tabi l i ty (unfavourable steric 
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in te rac t ions) . Contrary to these expectations, 
guanidinated albumins were s l ight ly more stable than 
nat ive BSA. However guanidinat ion has been reported to 
increase the s tabi l i ty of several other proteins (Cupo 
et al^., 1980; Fojo at a l . , 1983). Theoretically several 
explanations can be put forward but they are difficult to 
prove experimentally. It is well known that s tabi l i ty of a 
protein depends upon an interplay of a la rge number of 
s tabi l iz ing and destabi l iz ing in terac t ions . Presumably, 
introduction of guanidinyl group increases favourable 
polar interactions and/or a l ters the electrostatic 
in teract ions , increasing the s tabi l i ty of BSA. In 
guanidinat ion, the conversion of lysine to homoarginine 
leads to the formation of bulkier terminal hydrophil ic 
group. These properties of homoarginine, in contrast to 
lys ine , should make it less likely for the side groups to 
move into the hydrophobic millieu of the globular protein. 
The tendency for the hydrophobic group to be incorporated 
into the core of the protein is countered by the tendency 
of hydrophilic group to remain solvated in water . The 
fact that arginine side chains have by far the greatest 
affinity for the external medium of any of the amino acid 
side chains (Wolfenden £t a l . , 1981) also supports this 
explanat ion. However, the major difficulty in giving a 
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better and more comprehensive explanation is that X-ray 
crysta l lographic s t ructure of BSA is not known, and 
secondly BSA contains a la rge number of lysine res idues . 
My resul ts on the interaction of b i l i rubin with 
native albumin as measured by visible absorption 
spectroscopy and fluorescence quenching were in 
agreement with the ear l ier reports (Wennberg and Cowger, 
1973; Reed and Peters , 1978; Berde et_ al_., 1979; Tayyab 
and Qasim, 1987; 1989). Modification of lysine residues 
produced a decrease in affinity constant as measured by 
fluorescence quenching. Similar type of decrease in 
affinity has been observed ear l ier in other laborator ies 
(Roosdorp et_ al_., 1977) as well as in this laboratory 
(Tayyab and Qasim, 1987; 1989). Previously, this decrease 
in affinity was solely a t t r ibuted to the involvement of 
lysine residues in th is interact ion. However, in the l ight 
of more recent studies it appears tha t conformational changes 
make subs tan t ia l contribution towards this decrease. The 
present study is an extension of the ear l ier studies on 
several succinylated albumins. As can be seen from the 
resul ts on affinity constant of different modified 
albumins, almost complete acylat ion of lysine residues does 
not abolish affinity towards b i l i rub in . A pa r t of the 
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d e c r e a s e i n b i l i r u b i n b i n d i n g i s due to conformat iona l 
c h a n g e s . Comparison of a f f in i ty c o n s t a n t s in the t h r e e 
a c y l a t e d a l b u m i n s namely a c e t y l a t e d , c a r b a m y l a t e d a n d 
g u a n i d i n a t e d a l b u m i n s gives a be t t e r i d e a of the ro le of 
l y s i n e r e s i d u e s p e r se and the c o n t r i b u t i o n of 
conformat iona l c h a n g e s in t h i s i n t e r a c t i o n . Three 
modified a l b u m i n s namely 95% a c e t y l a t e d , 91% 
c a r b a m y l a t e d a n d 93% g u a n i d i n a t e d a l b u m i n s a r e of 
s p e c i a l i n t e r e s t . For p r a c t i c a l p u r p o s e s t hey c a n be 
assumed to h a v e the same ex ten t of modi f i ca t ion . The 
di f ferences i n a f f in i ty c o n s t a n t (See Tab le XIV) of these 
t h r e e p r o t e i n s for b i l i r u b i n a r e s i g n i f i c a n t . I t seems 
p l a u s i b l e to assume t h a t these d i f ferences a r e p r i m a r i l y 
due to conformat iona l d i f ferences in t he se t h r e e p r o t e i n s 
(with t h e p o s s i b l e excep t ion of g u a n i d i n a t e d a lbumin , if 
t h e g u a n i d i n o g roup i s assumed to be e q u i v a l e n t to 
( ^—NH„ g r o u p ) . The c o n t r i b u t i o n of conformat iona l 
c h a n g e s to d e c r e a s e in a f f in i ty cons t an t i s obv ious from 
these r e s u l t s . I t i s d i f f icul t to q u a n t i t a t e the 
c o n t r i b u t i o n of fc-NHg group p e r se m a f f in i ty c o n s t a n t . 
The r e s u l t s p r e s e n t e d in t h i s t h e s i s do not c o n t r a d i c t t he 
involvement of l y s i n e r e s i d u e s in b i l i r u b i n b i n d i n g . I n 
fact the role of l y s i n e r e s i d u e s in b i l i r u b i n b i n d i n g i s 
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well es tabl ished. However, the results presented in this 
thesis do not agree with ear l ier resul t s which had 
suggested that modification of one or a few cr i t ica l lysine 
residues completely destroys i t s affinity towards 
b i l i rub in . 
Several ear l ier studies are relevant to the work 
decribed in this thes i s . Despite the wealth of information 
which these studies have provided there is no general 
consensus about the role of lysine residues in b i l i rubin 
binding and the identi ty of lysine residues in the 
primary sequence involved in the in teract ion. Earl ier 
studies of Jacobsen (1972) had indicated non-involvement 
of lysine residues in this interact ion, however several 
la ter studies by Jacobsen (1975; 1976; 1977; 1978) and 
other workers (Roosdorp et_ al_., 1977; Peters , 1985; Reed 
and Mackay, 1985) indicated involvement of lysine residues 
in this in teract ion. One of the drawbacks of ear l ie r 
studies based on chemical modifications was tha t 
conformational changes in the protein were not taken into 
account. Later , elegant studies by several workers 
(Roosdorp ^ a l ^ . , 1977; Jacobsen, 1978; Peters , 1985; Reed 
and Mackay, 1985) led to the identification of lysine in 
the primary sequence of BSA and HSA (a s t ruc tura l ly 
homologous pro te in) . However, disagreement between 
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different workers has undermined the importance of these 
resu l t s . The lysine residue which has been implicated in 
this interaction is lysine 220 (Peters, 1985) or lysine 238 
(Jacobsen, 1978) of BSA. Both the lysine residues fall in 
the primary sequence 211-238 of BSA which is said to be 
involved in th is interact ion. The picture became more 
confusing with the reported involvement of lys-195 of HSA 
by Reed and Mackay (1985) in th is in teract ion. 
Results described in this thesis as well as the 
published resul ts described above suggest involvement of 
certain buried lysine residues in this interact ion, whose 
modification decreases the affinity of albumin towards 
b i l i rub in . In teres t ingly , in ear l ier studies it had been 
found that there is no change in affinity constant up to 
pH 11.3 which would be possible only if lysine residues 
are protonated up to this pH and have abnormally high 
pK. The high pK of lysine is very much expected if the 
' c r i t i ca l ' lysine residue(s) are buried in the protein 
interior (as suggested in this study) and presumably 
involved in sal t bridge formation with certain carboxyl 
groups of the protein. 
The mechanistic studies on bi l i rubin-albumin 
interaction are generally inadequate . The only notable 
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study is by Jacobsen and Brodersen (1983) who have 
indicated this process to be biphasic - a fast step followed 
by slow re laxat ional changes. At the present level of 
unders tanding it appears that the second phase involves 
conformational changes in albumin presumably involving 
breaking of sa l t -br idges between certain buried lysine 
residues and carboxyl groups, and making them avai lable 
for interaction with b i l i rub in . Obviously, more detailed 
studies on the mechanism of this interact ion are required 
to understand this process. 
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